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VREVAm 


rilinS little book has boon written in tiio hope that 
it may appeal to Hovcral clasHCH of nuulerH. 

Not infrc^qucntly T hav(i boon aHkod by fri('nclH of 
different oallingH in life to recommend them Home l)Ot)k 
on mimicry which nhall be reasonably short, well 
illuBtrated witiiout being very costly, and not too 
hard to nnderstand. I have always been obliged to 
tell them that T know of nothing in our language 
answering to this description, and it is largely as an 
attempt to remedy this deficiency that the present 
little volume has been written, 

I hope also that it will bo found of interest to those 
who live in or visit tro})ical lands, and are attracted by 
the beauty of the butUirfly lih^ around them. There 
are few such countries withotit some of tln^HO easew 
of eloHO resemhlanco between biitterllies b(‘longiiig to 
(liff(^rent families and groups, and it is to those who 
have the opportunity to be among them that we must 
look for fuller light upon one of tlie most fascinating of 
all nature’s problems. Tf this little book serves to 
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FREFAC'K 


smooth tho path of hoiih' \vJ»> wttiild hrcdini- nv.^ 

quaintod with that prahlrnu, and dr.drr hm* tlirir 
QppQi*tunitic8 of obHCTvation, tin* \%ort th.'it lis!* tu 

its making will liavo h(*on wf‘ll rrpaid. 

To those who enltivato hinlngic’iil fltonjdif frmii I In* 
more philosophical point cd view. I 
that what I have written mny not hr wttlumi appriiL 
At such a time as the* present, hi^ «ith iiri|H*iidinic 
changes in tho social fahric, few fhiii^^s an* vital 

than a clear conception cd tin* wo|h* and %n»ridn|fH 
of natural selection. Little erioni4h in mir r«*r!jun 

knowledge of these things, and simdl flaoigli flie 

butterfly’s contribution may Ik* I trnst that it will 

not pass altogether tnireganhaL 

In conclusion T wish to offer my sineerr thfuiks to 
those who have heljHHl nu* in dilTerrnt ways. .More 
i| especially are they due to my frk*ndH Dr Karl dfinlan 

for tho loan of wmu^ valuahh* HpeeimriiH. iiod In 
Mr T, H. IticheH for his kindly ertlieisrt} on rriiding 
over the proof-sIuHits. 

II. i\ I*. 
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CHAPTER I 


INTRODUCTOEY 

It ifl now more tlian fifty yoarH Hince Darwiii gave 
the theory of natural selection to tln^ world, and the 
conception of a gradual t'vohition has long ago h(‘coine 
part of the curreiuiy of thought Evolution for Dfirwin 
was brought about by more than one fae.tor. He 
btdicnaal in f lu^ inherited eflectB of the* uH(i and disuHe 
of parts, and h(^ also regarded sexual H(‘l(a*.tion as 
operating at any rate among the higluT animals. Yet 
he looked upon the natural selection of small favour- 
able variations as the principal factor in evolutionary 
change. Eince Darwiii’a time tluj trend has been to 
magnify natural selection at the expense of the other 
two factors. The doctrine of the inherited effetsts of 
xiso and disuse, vigorously ehallengtal by Weismann, 
faikal to make good its and it is to-day discinKlited 
l>y th(‘. gnmt majority of biologists. Nor perhaps doc‘S 
tlH‘ hypotlufsis of sexual selection eominand the 
support it originally had. At best it only attcunpted 
to (‘X plain thosc^ f(uvturc‘H, mor<^ esptHnally among the 
hIgluT animals, in which the sexes differ from one 
another in pattern, ornament, and the like. With 
the lapse of time tliere has come about a tendcuicy to 
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find in natural mdwUrm aJmii’ fi rr»iii|.irtr’ 
of the proecHrt of evolutirui. and r**i4ard it .i.h thi* 
solo factor by whicdi all «*vohdionii.ry 
about. Evolution on iluH viow in a unplmil iirrwpHH 
depending upon the ^«low artniiiniliilpui fiy toifurid 
selection of mnall variations, wliirlt ar«’ iMur*-- or lofin 
inherited, till at hn<i a wrlbinarknl rliiiria^ i.l i v|»o h 
brought about. ('*ouId wo biivo brl^rp «h ii|| f Itf* 
through which a given ff>rni ba.H .i.h ii^itnrid 

selection tranKforma it into anotlier, tln-y con- 
stitute a continuoUH serie'>i mu’h tlmf rrinn-tl 

scrutiny nught fail to dintifigni-Hb Iw'itt'crn Hii;v tw^o 
consecutive termH. If tlu' slight varistuuiH nrc m-ti af 
service they will get no favcnir from mitnral 
and so can lead to nothing. But if of tnw' in the 
struggle for exiskuice natural w'hs’tion proiK-'in «•« ilpnn 
and subsequent variatioiin in the dinn'tion nntil 
at length man recDgnim*a the iieeuinniation im a new 
form. Moreover when thi^ thing is once 

elaborated natural seliadion will it |»t»rfeef by 

discouraging any t<mti«*ncy to vary from 

Upon this vkiw, of which the nnM dwt iiigi««hed 


be ascribed all righteousnesH, for it iilorn* in the iinik«*r. 
Such in its extreme form is the in««leni tl«'frid*i|*iiieiit 
of Darwin’s great contribution to pliilimopliy. 

But is it true ? Will natural nel^ition r«'»ally «*rve 
to explain aU 1 Must all the varioui cdiariieti^rn of 
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plantB and animals bo supposed to owe their existence 
to the gradual operation of this factor working upon 
small variations 1 

Of recent years there has arisen a school of biolo- 
gists to whom the terms mutationist and Mendelian are 
frequently applied. Influenced by the writings of 
Bateson and do Vries, and by the experimental results 
that have flowed from MondeFs discovery in heredity, 
they have come to rt'gard th(^ |)rocosH of evolution as 
a discontinuous one. "Flui t\cw character that diller- 
entiates one varie.ty from another ariwvs suddenly as 
a sport or mutation, not by the gradual accretion of 
a vast numb(U’ of intermediate forms. The white 
flower(‘.d plant has arisen suddenly from tht‘- blue, or 
thc^ dwarf plant from the tall, and intermediates 
betwtum tluun lUH'd nev(*r have existed. Th(^ ultimate 
fat(^ of the new form that has arisen through causes 
yet unknown may depend upon natural selection. 
If be.tter endowed thati the parent form in the struggle 
for existence it may through natural selection come to 
supplant it. If wor.se endowed natural soleetion will 
probably see to its (diminatlou. But if, as may (pute 
possibly haj)pen, it is neither better nor worsen adaj)ted 
than the form from wliich it sprang, tlum tlnu’ti would 
seem to be no reason for natural sc'Iection luiving 
anything to do with the relation of the new form 
to its {)arent. 

Bt‘tw(‘(‘n the older and the newer or mutationist 
point of vie.w an outstanding dillerence is the roic’i 
ascribed to natural aelaction. On the one view it 
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builds up the new viiriety bit by l»t. mi tin* nflirr 
the appearance of the nmv variety in eritirriy siale- 
pendent of it. From thin there bdkiw'K a ntdieiil 
difference with regard to fhi* meniiiiig of nil the tiirii-d 

characters of plants and animak. Fhow* w'li« 
the all-powcrhdneBS of imfural HelrTfion brnind 

to regard every character exhibited f»y liii niiiiiial or 
plant as of service to it in tlm afrngKle for exiHieiirr. 
Else it could not have arisen thrtmgh the 
natural selection. In other words evfTv rhiirm’if-r in 
plant or animal must he adaptive, i In t tw mutnt unuHt 
view this of courst^ {Ick’H not hdlow. If tii*" mm- 
character which arise’s indeiMaidently of nntiirid #irlee» 
tion is neither of m‘rvice rior dinserviee to itw 
in the struggle for existtmee, then* sreiiiM no 
why it should not la^rsist in spite of natiiml Nefrriioit. 
In attempting to decide hetween tie* tm-*i eoiithrtuig 
views the study of adapbition is of tlie first irii|«ai an«*e. 

It was perhaps in conmadion with adft plat ion ihiit 
Darwin obtained the most striking evidenee j« Hti|i|wfri 
of his theory, and it is (dear from his writings tliaf it 
was in this field he laboured witli most < lelight. Tlie 
marvellous ways in whicdi creatures may hr nflfi|*t«*d 
in structure and habit for tite life th«*y leatl hud iwt 
escaped the attention of th(! older nutumlistH. dnlni 
Ray wrote a book^ upon tdm subjisit in %%diielt lie 
pointed out that all things in the front the 

fixed stars to the structure of a hml, or f it** ituipjt* of 


^ T}i 6 Wisdom of Qod imnifmM in tfm 
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a chameleon, or the meanB whereby some sec'ds are 
wind distributed, are “argumentative of Providence 
and Design” and must ow'c their existence to “the 
Direction of a ^Superior Cause.” Nor have there been 
wanting other authors who have been equally struck 
by the wonders of adaptation. But their studies 
generally led to the same conclusion, an exhortation 
to praise the infinite Wisdom of Him Who in tlui days 
of Creation had taken thought for all these things. 

The advent of natural sekHdlon threw a iivw light 
upon adaptation and the apj)earance of d{‘Hign in 
the world. In such l)ookH as thow^ on Thn FertUlm- 
imi of Orchids ixnd The Forms of FIoivcth Darwin 
sought to sliew that many eurious and elaborates 
structures which had long j)U7//dcd the ))otaniHt w(Te of 
H(Tvi(;t‘- to the plant, and might therefore have Jirisen 
through th('. agency of natural selection, KspcKjially 
was this the casci in orchids where Darwun was able 
to bring forward striking evidence in favour of regardiiig 
many a bizarre form of flower as specially adapted 
for securing the benefits of cross-fertilization through 
the visits of insects. In those and other books Darwin 
opened up a new atid fascinating field of invt^stigation, 
and thenceforward the subject of adaptation claimed 
th(^ attention of many naturalists. Per the most part 
it has been an observational rather than an exfmri- 
mcntal study. Tlie naturalist is struck by certain 
|)cculiaritie8 in the form or colour or habits of a spooies. 
His problem is to account for their presences and as 
nearly all students of adaptation have been close 
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followers of Darwin, ilm g^nmilly im’iiiiH mi iiifrr- 
pretation in teniis of wifural Urwiftf*! f!ii*4 

factor it remains fo show that Ih*' I'lirtnirtrr in tfsp-Hi imi 
confers some advnntagf' u|k»ii tie* tliiit 

possess it. For nnless il hm a nf ililariaii i. aiii*- «»! nuiin* 

sort it dearly cannot liavr nriwii fit*’ ir»ii 

of natural selection. Hfnve%‘«*r wlirn if ihr 

point direct proof of this sort is gemTallv diliirulf 
obtain. ConmKiwently the work rd iooh! of 

adaptation consists in a deHeripthm of tle^ » f ^ r 
or characters studied tog:ether %vdh Hindi dri.ul^ of 
its life-history as may mnnu to u|Hto ihi’ |H«int, 
and a suggestion as to how tlie partienkir tdinriM-ti’r 
studied w^-?/ be of value to its |H»s.s«wor« in fh*- MimjiKlr 
for existence. In this way a grimt hmly of iwm! 
curious and interesting faets has Iw^en plar»’ii on 
record, and many ingeniow Htiggesiicniii hiU’e 
made as to the possible usc' of lids or that rharipii^r, 
But the majority of workers have taken initnriil 
selection for granted and then interest^i ty^nm^wn 
in shewing how the chartmtarM stiuUwi by them liiight 
he of use. Probably there m no wtrnc'tnre or liabil 
for which it is imposidble to devisi* some nseb ftiiti 
the pursuit has doubtless provided iiiaiiy of iti-f 
with a pleasurable and often Ummmimg e;^erei»^ id 
the imagination. So it has come ahoni tliiit lli»^ fariti 

^ Ray gives the ca«o of mi mm ul.Mn->rvtnl mlmmyn 

when he slept to keep lu« trunk m n» tl» groiawl, iluii iprfliwig 
but Air could get in between them,'* mwl rstplwiw it m mm 
in habit to prevent the mien from emwling into ii« itm^- ’*» 
sagacity and Providence in thi« Aniwml, <ir 
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inHtoad of being used as a teat of the credibility of 
natural aclcction, serve merely to emj>iuw<ise the 
pffian of praise with which such exercises usually 
conclude. The whole matter is too often approached 
in much the same spirit as that in which John Ray 
af) preached it two centuries ago, except that the 
Omnipotcncy of the Deity is replaced by the Omni- 
potency of Natural f^clection. Tlie vital point, which 
is whether Natural Helection docH olTer a satisfactory 
explanation of the living world, is too frequently lost 
sight of. Whether we an', bound or not to iutc'rpret 
all tlie plieTif)niena of life in terms of natural sele.e.tion 
touches th(^ basis of modc'.rn ])hiloHophy. It is for the 
biologist to att(‘.mj)t to find an answer, and tht'rc^ ans 
f(nv more ])rofitable lines of attack than a critical 
examination of the facts of adaptation. Though 
‘‘mimicry” is but a small corner in this vast field of 
impiiry it is a jasculiarly favourable one owing to the 
great intcTest which it has excited for many years 
and the consequently considerablo store of facts that 
has been accumulated, ff then wc would attempt to 
settle this most weighty point in philosophy there is 
probably nothing to which wc can appeal with more 
confidence than to the butterfly. 







cuArrKn n 

MIMICRY— BATEHI AN AM» Alf U.KIU.I % 

Mimicry is a 8|K*-c‘ial branch of th** ntnelv «»! 
tation. The term haa amtietiint'c br'-rn 
to include casea wlien* an aniiniih mo-.t frr«|iir<nf ly 
an insect, bears a ntrong and oftrui rj-iyMrhiilili’ 

resemblance to some f{‘a!tire td iumumsU- ^oir- 
roundings. Many buttedlifs with iin*' 

wonderfully like dead leaves; rertain f4|>id«-r^» wle-ii 
at rest on a leaf look exactly like binbdrt»|«niiiic« ; 
“looper” caterpillars simulate small twigs ; the oinsirM 
of the “stick-” and “leaf-” imuads are in t!n'in?«dvr.s 
an indication of their a{»|«-*arancn% Hnch eaite^ m 
these, in which the creatun* exhibits a rewmblaip e t« 
some part of its natural Hiirrountliiig?^, f»bo«ld 
classified as cases of “ |>rot<H*tive in 

contradistinction to mimicry pro|H*r. Striking ex- 
amples of protective resemblfinee art* abnminrit* ftini 
though we possess little critical knawh^lgc of the 
acuity of perception in birtls and otlmr 
it is plausible to regard the rf,*i«*mliliiiice»4 sm iMuiig 
of definite advantage in the struggle for extutimt'ix 
However, it is with mimteiy ami not with prutw- 
tive coloration in general that are liere dittMdly 
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concerned, and the nature of the phenomenon may 
perhaps best bo made clear by a brief account of tlm 
facts which led to the statement of the theory. 

In the middle of last century the distinguished 
naturalist, H. W, Bates, was engaged in making 
collections in parts of the Amazon region. He paid 
much attention to butterflies, in which group he 
discovored a remarkably interesting phenomenon^. 
Among the species which ho took were a large number 
belonging to the group 1 thorn iina(‘, small butterfiicH 
of peculiar a|)j)(\arance with long Hl(md(‘r bodies and 
narrow wings bearing in most cases a conH})i(mous 
patk^rn (cf. Pi. X, lig. 7), When Bates came to 
examiiu^ his catch more closely ho discovcTcd that 
among the many Ithomiines were a hnv H{)ecimcmH 
very likc^. them in gene.ral Hhap(s colour, and markings, 
but (liiTcring in certain anatomical features by 
which the Picrinac, or ‘"whites,” are separated from 
othcir grotips. Most Pierines are very difTerent from 
Ithomiines. It is the group to which our common 
cabbage butterfly belongs and the ground colour is 
generally white. The shape of the body and also of the 
wings is in general quite distinct from what it is in the 
Ithomiines. Nevertheless in these particular districsts 
<;crtain of the specit^s of Pierines had d(q)arted wid(dy 
from what is usually regarded trs their ancestral 
[)att(‘rn (PL X, fig. 1) and had come to resemble very 
closely the far more abundant Ithomiines among whom 
they habitually flew (cf. PL X, figs. 2 and 3). To 

* Tram, Linn, voU 23, 1802. 
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and he set to work to clmiHo Jiii !«i 

this could have cortK* iitmut. Tltr fhtfjvn 
had just apja'aml and if wan liJifiinil fli 
should seek to interpref^ this |«H’«lt4r phi'iioi 
the lines th(‘re laiti down. Hr»w tuin it !| 

Pierincs had eoim* to depart m» wid»’{> fr?«ii if 
form of the great htdk of thoir rrlati*»ii--4, hikI 
so closely in apjawama* Hfiorio-H l»r|rns.-j!i 
entirely different grcnip, whih’ nt fie’ nmw^ i 
serving the more chn'ply seati’d rtnafroiiirril 
of their own family ? If fin- rhanur » t.i Pi- 
as having come about through tip* ag«up v «j 
selection it must clearly !«• td ad\iiiif;»gr i€» flit* 
mimicking forms ; otherwjKe nattinil wdrripio ^Midd 
not come into o|K*ration. Wliaf advaotag*- fhr^n li.-ive 
the Ithomiines over tlic majonty of but m fliutP’ 

parts ? They are snmtl insertw, rather IliroHy in 
build, with cofuparatively weak |KnrerM of flighf, i»p| 
yet so conspicuously eolotin^ii that, thi^y ean hartlly 
be mistaken for anything e^m^ In sptt«- of nil thin 
they^are little subjtH^t to t.he attiM'ks tif eiit*«ii«rH nneh 
as birds, and Bat(*M attribiitiHi thui tin* liP"! tlmt 
the juices of their iKKiiaa tire iinpidaiJiiilf*, vloi’t»rrting 
to him their striking and eonspifiiostis patt^'rii nf 
the nature of a warning coloration, ailvcriiMiig ih.ur 
disagreeable pro|)ertieB to imssiblo liifii 

which had once attempted to eat one wtitilcl liiiif it 
little to its taste. It would thenccdcirwarci ii# 4 #nM.diito 
the conspicuous pattern with a dt«igr«*iitilr ikviitir 
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and in future leave eucii butterflies severely alone. 
The more conspicuouB the pattern the more readily 
would it be noticed by the (uiemy, and so it would 
be of advantage to the Ithorniine to possess as striking 
a ])attt‘rn as possible. Those butterfliovS shewing a 
tendene-y to a more conspicuous pattern would be 
more immune to the attacks of birds and so would 
have a better chance of leaving progeny than those 
with a IcRH conspictiouB pattern. In this way varb 
ations in the direction of great(‘r conspicuouHiK'SH would 
be accuniulated gradually by natural K(‘lec;tioiu and 
HO would be built up in tlie Ithorniine the striking 
warning coloration by which it advertises its diHagr(*(‘- 
ahl(‘. properties. SueJr is th(‘, first stc'p in th(‘, making 
of a miiniery casci — the building up through natural 
seJr^ction of a conspicuous pattern in an unjralatable 
Hp(U!i(*H by m(‘.anH of which it is enabled to advertise its 
disagreeable; prope^rties effectively and thereby seemro 
immunity from the attacks of enemies which arc able 
to appreciate the advertisement. Much patterns and 
colours are said to be of a “warning” nature. The 
existence of an unpalatable model in considerable 
numbers is the first stc;p in the production of a mimetic 
resemblance through the agency of natural sekiction. 

We come hack now to our Pierine which must 
be assumed to shew the general charactcTS and color- 
ation of the faxnily of whitcis to which th(;y belong 
(cf. PI X, fig. 1). Theoretically they are not specially 
prot(;ct(id by nauseous properties from enemies and 
hence their conspicuous white coloration renders 
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them especially liable t-o at tuck. If. iio»'»*rcr. flicy 

could exchange their normal tircHi* for «iic 
that of the TthomiincH it is clt^iir tlnit they wtiiikl liave 
a chance of being mistaken fr»r tin* latter iiini rK»ii» 
sequently of being left alone. Moreover, in t’erfaiii 
cases these Pierines fmvp nifinageti lo dmvmft flioir 
normal dress and iissnnie that- of tin* If lioitittiir'*}. On 
theoretical grounds this must ch'itrly he of advatiirigi’' 
to thorn, and being so migltl c‘onoriviil»ly iia^'e iiri.»eii 
through the (>|H‘ration of nainral Kelerfion. Tim. 
indeed is what is supiMWcd to luivc tak*’n |s|in e on tlto 
theory of mimicry, Thost* Picrincs wbieh rvliilutMi 
a variation of colour in the tiircctirm of the fthoionne 
“model” excited dislruKt in the miniE of %%onl4*he 
devourers, who had learned fremt ex|M*ricnt’«* to 
that particular types of coh>ratioii witli a dii^agreoiililo 
taste. Such Fierines would therfdore hav** a ratl«i*r 
better chance of survi\dng ami of leaving 
Some of the oltHpring would exhibit tie* varnitnin iii 
a more marked degree and them* again irould in con* 
sequence have a yet lastier c'luiiice <if #snrviving, 
Natural selection would encourage thorn* varying in 
the direction of the Ithomiine mcKiel at ttm ex|«uiiii» of 
the rest and by its continuoun o|H*riitiein t h»*ro tt oiilil 
gradually be built up those beautiful of 
blanoe which have excited the admiralioii <if iiatiirfillMtii, 
Wallace was the next after fkteii to int€tr«*«t 
himself in mimicry and, from his atudy of the htiiiorlitefi 
of the Oriental region^ shewed that in tlik part of 

‘ Tram, Unn, Boc, voi. gs. ISSS. 
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the world too there existed these remarkable resem- 
blances between 8|>ecie8 belonging to diflertmt families. 
Perhaps the most important part of Wallace's con- 
tribution was the demonstration that in some species 
not only was it the females alone that ‘'mimicked’’ 
but that there might be several different forms of 
female mimicking different models, and in some cascB 
all unlike the male of their own s|ie.(nes. One of the 
8j)ecie8 studied by Wallac.e, Papilio poh/trH, is slunvn 
on Plato V. We shall have occasion to r('f(T to 
this case later on, and it is suniciimt h(‘rc (,o cuill 
attention to th(5 three different forms of f(^ma](s of 
which one is like the male while the other two n'semhlc 
two other spcck^s of Papilio, P, hector and /’. arinUh 
lochiae, which occur in the same locaHti(‘H. Instanc.CH 
where the h'rnalc aloru'. of sonut improt(ic.t(‘d Hp(‘ci(?H 
mimics a model with obnoxious propcrticH are common 
in all tropical countricH. It has been HUggc'sftHl that 
this state of things has come al)t)ut owing to iht^ greater 
need of protection on the part of th<^ femal{5. Haiti pt^rcnl 
by the disposal of the next g(uit^ration th(^ It^ss protecttHl 
female would bo at a greater disadvantage as c.om- 
pared with the mimic than would the eorresponding 
male whoso obligations to posterity an‘. mor<‘ rajiidly 
discharged. The vicAV of course makes the assumption 
that the female transmits lu^r piaailiar [U’optTties to 
her daugliters but not to her sons. 

A few years later Trimeiri did for Africa what 
Bates had done for America and Wallace for Indo- 


^ Tram, Linn. >St)c, vul. 20, 1870. 
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localities (ef. p. 30). 

Wo may now ttmi to om* of the iiuwt ini'enioiiH 
developments of the tlu‘ory of inimic’ry. Not long 
after Bates’ original memoir ap|}i‘an*<I Ht-tmiiion was 
directed to a group of eases wltieh r<niihi not he 
explained on the simple hypotlifstH then* put forward. 
Many striking ciwes of n*m»mhlania* had heen addiicani 
in which both species obviously lM‘ltJnged to the pre» 
sumably unpalatable grotips, Itistanees of tin* sort 
had been recorded by Bates himntdf and are perhaps 
most plentiful in Houth Ameriea hetwaaui H|MHdes 
belonging respectively to Itliomitniic* and Hell- 
coninae. On the theory of mimiery all tht^ ineitihcTs 
of both of these groups must he* regardetl fin Hpiaually 
protected owing to tlieir conspicuous coloration and 
distasteful pro^Kirties. What advantage then ean an 
Ithomiino bo supposed to gain by minucking a Heli- 
conine, or vice verbid ? Wliy should a specaes exchange 
its own bright and conspicuous warning pattern for 
one which is neither brighter nor more con«|iic*uou,H ? 
To Fritz Muller, tlio well-known correspoiukmf of 
Darwin, belongs the credit of liaving suggestiHi a w*ay 
out of the difficulty. Muller’s explanation turns u|Km 
the education of birds. Every year tlmre liatch intf) 
the world fresh generatiotis of young birds, and each 
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generation has to learn afresh from ex{HTic?nee whaf m 
pleasant to eat and what is not. They will try ah 
things and hold fast to that whicii is gwHl. They will 
learn to associate the gay colours of the Helieonine and 
the Ithomiino with an evil tasted and th(\y will thence- 
forward avoid butterflies which advortmo thenmelves 
by means of these particular colour cmnbinationH* Ihti 
in a locality where there are many models, (nich with 
a different pattern and colour cornph^.K, (‘a(‘h will hav(^ 
to be tested separately before the unpalaiabhuu'SH of 
each is realised. If for examph', a thousand young 
birds started their education on a population of 
butterflies in which there were five disagna'abh^ specicH, 
each with a distinct warning ])attern, it is ch'ar that 
one thousand of each would devote their lives to the. 
education of these birds, or five thousand i)uttt*rilii‘H 
in alR But if these five species, instead of shewing 
five distinct warning patterns, all display (id th(5 same 
one it is evident that the education of tlie birds would 
be accomplished at tho price of but oiu* thousand 
butterfly existences instead of five. Bvon if one of 
the five species were far more abundant than tht! 
others it would yet bo to its advantage that ih(^ oth(*r 
four should exhibit the same warning patt(!rn. Even 
though the losses were distributed pro rata th(i moni 
abundant species would profit to sonu* (Extent, 

In attributing tiuH quality to tho huttodtion in tjuimtitm I mn 
merely Ktating what is hekl })y tlu^ HUpfJortorH t>f tho iniintory tlu'ory. 
I know of Hcarcoly any ovitUmeo either for or againat tint HupiKwitiorn 
2 It iH nHHumod that tho inttilligenca^ of (ho hinlH in auoh that th<w' 
can loam a pattern after a singlo diaagrtHsahlo cixpt<rie«ee of it. 
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the less abundant speck^a the gain wttiilci of mmrm^ bi^ 
relatively greater. Theoretioally theri*forf% ail of tlw' 

five species would profit if in of five* ilistiiiel 

warning patterns they eschilntid i>wfc a pingle otw* in 
common. And since it is profituhle to all mnwimwl 
what more natural than that it utiotilti Im’ lirciiiiilit 
about by natural selection t 

Midler’s views are now widi^ly aoreptwl hy 
of mimicry as an explanation til r«rii»ii.#i rmmm 

where two or more evidently distafitefttl »im'um flowrly 
resemble one another. Indewl the tniiieiioy in 
years has been to mm Midlerian iiiimiery 
and many of the instances whicti wen* Ioiim 
as simple Batesian castes have now rfdi*gairi:l to 
this category. The hyiwthesis i«. of eonm% Hiiiiwi 
what appears to man to be the natural Iwdiniiiotif 
of young birds under certain eonditioiw. Xo «oi«* 
knows whether young birds aettiiilly do ladiave in flie 
way that they are iup|KJ«iMl to. In tin* «if 

any such body of facts the Mtillerkii by|»«itiii*«is 
cannot rank as more than a plausible aial, 

as will appear later, it is o|«*n to mmm* imtkmm on 
general grounds. 

Perhaps the next contribution t4> the milije**! «f 
mimicry which must rank of the first liii|i«irt.afiri* wiw 
that of Ekioh Haaseb to whomi lamk «twd«it.s tif tlie» 
matters must always Iki under a Inmvy oliligiiliwii. 
It was the first and still rimaiiis the elitef tif 

general scope. Sinoe Haase’s day umtmlM*m tif 
* Uniwni^mgm0mrdi€ ISiS. 
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fresh instances of minaetio resemblance have been 
recorded from all the great tropical areas of the world, 
and the list is being added to continually. Most 
active in this direction is the Oxford School under 
Professor Poulton to whose untiring efforts are lairgely 
due the substantial increases in our knowledge of 
African butterflies contributed by various workers in 
the field during the past few years. Whatever the 
interpretation put upon them, there can be no question 
as to the value of the facts brought together, more 
especially those referring to the nature of the families 
raised in captivity from various mimetic forms. With 
the considerable additions from Africa^ dirring the 
past few years several hundreds of cases of mimicry 
must now have been recorded. Some of the best 
known and most striking from among these will be 
described briefly in the next two chapters. 

* Th« African mimotio buttorjfliea have been rcKjently monograplied 
by Eltringlittjn in a large and beautifully illuHtrated work— -y4/rican 
MitmUc Btdtm'Jiw, Oxford, 1010. 


CHAPTER nr 


OLD-WOELD MIMIC« 

The earlier naturalists who studiwi htiitfTfiirii 
made use of colour and pattern very largely tii arrangiitg 
and classifying their speoimens. shewing itie 

same features in these re8|>ect8 wans generally iihiewi 
together without further qmsstion, asfKMikliy if iliity 
were known to come from the same loeality. In 
looking through old collectioim of huttarllif*ii from ilia 
tropics it is not infrequent to find that the iHdlisstor 
was deceived by a mimetic likenew into pketiig mmlei 
and mimic together. During the last eanfctny, however, 
more attention was paid to the anatomy of htiifcfudliw, 
with the result that their ekssificatloii wm plmmi 
upon a basis of structure. As in aii work of the wrt 
certain feature are selected, partly owing to tltair 
constancy and partly for their oonvenienea, tlia 
being arranged according as to whether they pw^nt 
these features or not. Everybody knows fcjmt tlte 
butterflies as a group qxb separated from the ttioilta mt 
the gro\md that their antenna© are club shapdl at the 
end, while those of the moth are genemlly filamentary 
and taper to a fin© point. The butterfta fchtiwelvw 
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may be subdivided into five main gro«|m or faiinlfi^s* 
according to the structure of the fir«t of their tlirw^ 
pairs of legs. In the Papilionidae or ‘*8wallow-taik,'* 
the first pair of legs is well develofjeci in laitli 
(Pig, 8), In the Pieridae or ‘‘whites,’' tlie fmnt 
are also similar in both sexes, but the elaws fir«* liifkl 
and a median process, the empodiwrn, is fotitid In*! worn 
them (Pig. 7). In the remaining thrw fainilioH the 
front legs differ in the two mxm* The feituilew nf thr 
Lyoaenidae or “blues” have well-develofM^l froiit 
in which the tarsus is terminakd by definite 
(Pig. 5), whereas in the males the termiiml |mrt of llif^ 
leg, or tarsus, is unjointed and fiirtii»h«l with litit a 
single small claw (Fig* 6)* This mluetioii tif the 
front legs has gone somewhat further in tint EryeinkiiH^ 
(Pigs. 3 and 4), a family oonMistIng for tlie mmt piirt 
of rather small butterflies and 8|>eciaIIy eh&riitderii«ti«i 
of South America. In the peat family of the Kyin- 
phalidae the reduction of the front lep k well fiiiirkeil 
in both sexes. Not only are they m«eh emmller tliaii 
in the other groups, but claws we kckifig in the feiniile 
as weU as in the mde (Kp I and 2). 

Though the structure of the fore liiwli# k tlwt 
character specially chosen for separating th^ dtfferi^iit 
families from one another, It it of mutm tmilewtiKMl 
that they differ horn one another in vaiiom citlier 
distinotive feature The chrysalis of the Myiit|>ltalitla« 
for example hangs head downward sutfse-iitW by the 

OxolttiQg th® wWcsh tangly ist# 

inimidry. 
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tail, whereas in the Pieridae and Papilionidae meta- 
morphosis takes place with the chrysalis attached by 
the tail but supported also by a fine girdle of silk 
round the middle so that the head is uppermost. The 
larvae also afford characters by which some of the 
families may be distinguished — ^those of the Papilionidae 
for example having a process on the back which cam 
be extruded or retracted. 

Owing to the great size of the family of the Nym- 
phalidae, in which the number of species approaches 
6000, it is convenient to deal with the eight sub-groups 
into which it has been divided. The characters serving 
to mark off the sub-groups from one another are various. 
Sometimes it is the minuter structure of the tarsus, at 
others the form of the caterpillar or the chrysalis, at 
others the arrangement of the nervures that form the 
skeleton of the wing. Into these systematic details, 
however, we need not enter more fully here^. What is 
f important from the standpoint of mimicry is that 

these divisions, made solely on anatomical structure, 
correspond closely with the separation of models from 
mimics. Of the eight sub-families into which the 
Nymphalidae are divided four, viz. the Danainae, 
Acraeinae, Heliconinae, and Ithomiinae, provide models 
and some, but far fewer, naimics ; two, the Satyrinae 
and Nymphalinae, provide many mimics and but few 
models, while two groups, the Morphinae and Bras- 
solinae, practically do not enter into the mimicry story. 

Tho alassifloation adopted is that used by Dr Sharp in th© 
♦‘Cambridge N'etuxal History," Ins&cla^ vol. 2, 1901. 
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Simple mimicry, explicable, at any rate in theory, 
on the hnes laid down by Batea, is a phcmomericm of 
not infrequent occurrence in tropical cooiitries, fhongh 
rare in more tem|>erat6 lands. In each of the Ihreo 
great divisions of the tropical world we find eerfitin 
groups of butterflies serving as mcalels, ami liidng 
mimicked by butterflies belonging a« a rule to 
Afferent groups. Speaking generally the imwlelj^ nf 
any given region are confined to a few gron|>», while 
the mimics are drawn from a grt‘ater n«intM*r. In Mm 
the' principal models belong to the the 

Euploeines, and to a group of swallow-tailrt whieh from 
the fact that their larviuj fettd on tlie |Mn»om>tw A 
foZocto plant are generally distinguished m tin* 
eaters/’ or PMrmomphagm groiip, Df tlieiie the 
Danaines and Euploeines are clrmcdy ndated ami have 
much in common. They are usimlly lmtterllte#i of 
medium size, of rather flimsy build ami with a mmw- 
what slow and flaunting flight. In spite, briwe%’t*r. of 
their slight build they mb toughiy imMh» ami vi^ry 
tenacious of life. Most butterflies futt ewtiy killi*d by 
simply nipping the thorax. Them is a alight erac^k 
and the fly never recovem But the e«llei?i«ir who 
treats a Danaid in a way that would muily kill tiwst 
butterflies is as likely as not many hours after iiiicl 
it stiU ahve in his collecting Imx or in ihi^ to 

which it may have be<m transferrtHl when cmitglit... 
They give one the impression of bidng touglier atttl 
more “rubbery” in consiitence titan the inajcirity of 
Lepidoptera. Moreover, the juioet of tlioir mmm 


Others again such as Danaia aeptmtrimia (PI. I, 


©< 

ground, are not nearly so conspicuous. Of the Euploe- 
ines some have a beautiful deep blue metallic lustre (of. 
PL II, fig. 4), though many are of a plain sombre 
brown relieved only by an inconspicuous border of 
lighter markings (cf. PL I, fig. 10). 

Both Danaines and Eunloeines serve as models for 


India and Ceylon on© of the two forms of Papilio olytia 
(PL I, fig. 7) is also regarded as a mimic of these 


nenn© or the genus Pareronia, whose femaie is very 
like these Danaines on the upper surface (PL I, fig. 1). 
The male of this Pierin© is quite distinct from the 
female (PL I, fig. 2). 

The common Danaia chryaippm (PL IV, fig. 1), 
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as a model for several specie belonging to different 
groups. It and its mimics will, however, b© {Iwc^rilMMl 
in more detail later on. Mention must aluo Im fiiftcle 
of the striking case of th© Danaid, Caduga- itjim and 
its Papilionine" mimic P. agmtor from Sikkim (PI. II, 
figs. 2 and 3). In both 8]>eeies the fort^ wingfi are 
pale blue broken by black; while the hind wiiign are 
pale with a deep outer border of rn«ty nd. Kf>t only 
in colour but also in shape th© swallow-tiwl beiira a 
remarkable resemblance to the Danaici (\ /i/lw k 
also mimicked by a rare Nymphalin© Nepim irmktms^ 
which exhibits the same striking colottr ncliemc* no wry 
different from that of mmt of its allim 

No less remarkable are some of thi* en«es in w hicii 
the Euploeines serve as models. M, rktdmmmilhm^ fur 
example, is mimicked by the 8t?are© Pa pit m mmdu^, 
and a glance at Pigs. 8 and 9 on Pkt«^ II stunts 
how well this butterfly deserve*© its name. Hu}dm‘n 
rhadamanthua also serves a« a model for one of thi* 
several forms of female of the Kyitiplmlitw 
Euripus haliik&raea. In some Euploeines the mmm ar*? 
different in appearance—a somewlufct unustiiil thing 
among butterflies serving as models hi cwmm of iniineiici 
resemblance. Such a difference is found in Emplmm 
mulcihert the male being predominantly brown witli a 
beautiful deep blue suffusion, while the feitiidt? k ii 
rather lighter msect with less of the him* mtffmkm 
and with hind wings stnmkod with lighter titarkiiigs 
(PL II, figs, 4 and 6). It ii intoiwting to fliul that 
Mi/ymwiaa mMm^ a ^tyrid which miiu^ this 
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shews a similar difference in the two sexes (PL II, figs. 
6 and 7). 

It is remarkable that similar sexual difference is 
also shewn by the rare Paj[nlio paradoocm, the two 
sexes here again mimicking respectively the two sexes 
of Euplom mulciber. 

Many of the Buploeines, more especially those from 
Southern India and Ceylon, lack the blue suffusion, and 
a^e sombre brown insects somewhat relieved by lighter 
markings along the hinder border of the hind wings. 
Euplom core (PL I, fig. 10), a very common insect, is 
typical of this group. A similar coloration is found 
in one of the forms of Papilio clytia (PL I, fig. 8) 
from tlie same region as well as in the female of the 
Nymphalino species HypoUmnaa boUna (PL I, fig. 6). 
The male of this last species (PL I, fig. 5) is quite 
unlike its female, but is not unlike the male of the 
allied species, IL miaippm, which it resembles in the 
very dark wings each with a white patch in the centre, 
the junction of light and dark being in each case 
marked by a beautiful purple-blue suffusion. There 
is also a species of Elymnias (E, ainghala) in this part of 
the world which in general colour scheme is not widely 
dissimilar from these brown Euploeas (PL I, fig. 9), 

The third main group of models characteristic of 
this region belongs to the Papilionidae. It was pointed 
out by Haase some 20 years ago that tiiis great family 
falls into three definite sections, separable on anatom- 
ical grounds (see Appendix 11). One of these sections 
he termed the PharmacophaguB or ** poison-eating** 


i 
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group owing to the fact that the hrvm feed on the 
poisonous oHmbing plants of the geniw ArtMtftknii.m, 
It is from this group that all Pa|>ilirw miiicdi serve iw 
models are drawn. No mimics of other impiiliitulili* 
groups such as Danaiiies arc* to In* fomid rnmniji tin* 
Oriental Poison-eaters. In the other two of 

the genus mimics are not infrfM|tient (ef. Ap|.K‘iiiiix II|, 
though probably none of them m*rvf» fin mcKli’Is. I'o 
the Pharmacophagus group iKdoiig the mmt gori^^^inw 
insects of Indo-Malayar-ihe magnificent (irnitlirjifti’rii, 
largest and most splendid of butterflies, it i« iirii n 
large proportion of the members of the group tthicdi 
serve as models, and these on tht? whole ari* iiinong I he 
smaller and less conspicuous forms, in all vmm thr 
mimic, when a butterfly, belongs to the PapUm 
of the three sections into wdiich diviilr^d the 

family (of. Appendix 11). F Upilio (PI, \\ 

fig. 6), for example, is mimicked by a fiunale hirm of 
Papilio polyUs, and the geographical varieties of this 
widely spread model are generally dowdy imraildt^l l»y 
those of the equally wide apreatl mimic. For laitli hirtiw 
range from W^tern India mmm to Fiiat 4 »rri Chiiiii. 
Another pokon-eater, P. cmn, proviikw a ttiiMlid for 
one of the females of the oornmon P. fmmnmh It m 
curious that in thwa specie of the pokoiiimtorw wlitcfli 
serve as models the sexes are practically tdeiitlciil in 
pattern, and are mimicked by certain femaltw only 
of the other two Fapilio ^ou|}s, whwaa in the CIrwi- 
thoptera, which also belong to the ijoiwin-tmtew, ilte 
diierence between the sexes is exoe^iitgly atrikiiig* 
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Though the Tharmacophagus Papilios are mimicked 
only by other Papilios among butterflies they may 
serve occasionally as models for certain of the larger 
day-flying moths. Papilio polyxenus, for example, is 
mimicked not only by the unprotected P. hootes but also 
by the moth Epicopeia polydora (PL III, figs. 5 and 0). 
Like the butterfly the Epicopeia, which is compara- 
tively rare, has the white patch and the outer border 
of red marginal spots on the hind wing. Though it 
is apparently unable to provide itself with an orthodox 
tail it nevertheless makes a creditable attempt at one. 
There are several other oases of mimetic resemblance 
between day-flying moths and Pharmacophagus swal- 
low-tails— “the latter in each case serving as the model. 
Rarely it may hapf)en that the role of butterfly and 
moth is reversed, and the butterfly becomes the mimic. 
A very remarkable instance of this is found in New 
Guinea where the rare Papilio laglaizei mimics the 
common day-flying moth Alcidis agatlkyraus. Viewed 
from above the resemblance is sufficiently striking 
(PL III, figs. 1 and 2), but the most wonderful feature 
concerns the underneath. The ventral half of the 
moth’s abdomen is coloured brilliant orange. When 
the wings are folded back they cover and hide from 
sight only the dorsal part of the abdomen, so that in 
this position the orange neutral surface is conspicuous. 
When, however, the wings of the butterfly axe folded 
they conceal the whole of the abdomen. But the 
butterfly has developed on each hind wing itself a 
bright orange patch in such a position that when the 


I 







28 OLD-WORLD MIMICS [ch. 

wings are folded back the orange patch lies over the 
sides of the abdomen. In this way is simulated the 
brilliant abdomen of the moth by a butterfly, in which, 
as in its relations, this part is of a dark and sombre 
hue. 

A few models are also provided in the Oriental 
region by the genus Delias, which belongs to the Pier- 
ines. A common form, Delias eucharis, is white above 
but the under surface of the hind wings is conspicuous 
with yellow and scarlet (PI. II, fig. 1). It has been 
suggested that this species serves as a model for another 
and closely allied Pierine, Prioneris sita, a species 
distinctly scarcer than the Delias. There is some 
evidence that the latter is distasteful (cf. p. 115), but 
nothing is known of the Prioneris in this respect. 
Other species of Delias are said to function as models 
for certain day-flying moths belonging to the family 
Chalcosiidae, which may bear a close resemblance to 
them. In certain cases it may happen that the 
moth is more abundant than the Pierine that it re- 
sembles^. 

Tropical Africa is probably more wealthy in mimetic 
analogies than Indo-Malaya, and the African cases 
have recently been gathered together by Eltringham 
in a large and beautifully illustrated memoir^. The 
principal models of the region are furnished by the 
Danainae and the aUied group of the Acraeinae. Of 
the Danaines one well-known model, Danais chrysippus, 

^ Cf. Shelford, Proc. Zool. Soc. 1902. 

* African Mimetic Butterflies, Oxford, 1910. 
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is common to Africa and to Indo-Malaya. Common also 



species of butterflies and a few diurnal moths bear a 
more or less close resemblance to D. chrysipj^us. 

Danaine butterflies with the dark interlacing lines 
on a pale greenish-blue ground, so characteristic of the 
Oriental region, are represented in Africa by the species 
JDanaw pdiveram (PI. VI, fig. 1) ranging across the 
eontinant from Sierra Leone to British East Africa. 
A common Papilio, P. lemidas (PL VI, fig. 2) has a 
similar extensive range, and has been regarded as a 
mimic of title Danaine. In 8. Africa P. leonidas is 
represented by the variety hrasidas in which the white 
spots we rt^duoed and the blue-green ground is lacking. 
Bramdaa bears a strong resemblance to the tropical 
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Danaine Amauris hyalites (PL VI, fig. 3) of which, it 
has been regarded as a mimic. It must however be 
added that it is only over a small part of their respective 
ranges, viz. in Angola, that the two species are to be 
met with together. 

The butterflies belonging to the genus Amauris are 
among the most abundant and characteristic Danaine 
models of Africa. Some of the black and white species 
such as A, niavius (PI. VIII, fig. 6) are conspicuous 
insects in a cabinet. Others again, such as A. echeria 
(PL VIII, fig. 7), are relatively sombre-looking forms. 
Ajnong the best known mimics of the genus is a species 
of Hypolimnas^ — H. duhius. This interesting form is 
polymorphic and mimics different species of Amauris. 
The variety wahlbergi, for example, is very like A. 
niavius, while mima strongly resembles A. echeria 
(PL VIII, figs. 8 and 9). It was at one time supposed 
that these two varieties of Hypolimuas dubius were 
different species and the matter was only definitely 
settled when the two forms were bred from the eggs 
of the same female. Other mimics of Amauris are 
found among the Papilios and the Nymphaline genus 
Pseudacraea. 

But among all the mimics of Danaines in Africa 
and elsewhere Papilio dardanus is pre-eminent, and 
has been described by more than one writer as the 
most important case of mimicry in existence. Not 
only does it shew remarkable resemblances to various 

^ These African species of HypoUrrmas are frequently referred to the 
genus . 



sprea 
the 8 
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tailed, and with black markings on fore and hind wings 
(PL VIII, fig. 1). The female, however, exhibits an 
extraordinary range of variation. In South Africa she 
appears in three guises, (1) the cenea form resembling 
Amauris echeria, (2) the hippocoon form like Armuria 
niavius, and (3) the trophoniua form which is a 
close mimic of the common Damis chryaippusK 
Except that cenm does not occur on the West Coast 
these tlxree forms of female are found over almost aU the 
great continental range of dardanua and its geographical 
races. Northwards in the latitude of Victoria Nyanza 
occurs a distinct form of female, planemoideSf which 
bears a remarkable resemblance to the common and 
distasteful Planema poggei, and is found only where 
the latter is abundant. All of these four forms are 
close mimics of a common Danaine or Aoraeine model 
Other forms of female, however, are known, of which 
two, dionyaua and trimmi, are sufficiently distinct and 
constant to have acquired special names. Dionyaua 
may be said to unite the fore wing of the hippocom 
form with the hind wing of the trophoniua form, except 
that the colour of the last part is yellow instead of 

^ Corresponding to the dorippm form of D. dhrysippua (of. PI. IX) 
there is a rare form of Irophonma known aa dorippoid&s. 
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bright brown. It is a western form and is -urLlike any 
model. Trimeni also is unl i ke any model but is 
of peculiar interest in that it is much more like the 
male with ' its pale creamy-yeUow colour and the 
lesser development of black scales than occurs in 
most of the forms of female. At the same time the 
general arrangement of the darker markings is on the 
whole similar to that in the hippocoon and in the 
trophonius form. Trimeni is found on the Kikuyu 
Escarpment, near Mt Kenia, along with the four 
mimicking forms. 

Continental Africa, south of the equator, has 
produced no female similar to the male. But in 
Abyssinia is found another state of things. Here, so 
far as is known, occur three forms, all tailed, of which 
one is similar in general colour and pattern to the male, 
while the other two, niavioides and ruspina \ resemble 
respectively a tailed hippocoon and a tailed trophonius. 
Lastly we have to record that Papilio dardanus is 
also found as the geographical race humhloti on Comoro 
Island, and as meriones on Madagascar. In both 
forms the females are tailed, and resemble the males. 

From this long series of facts it is concluded that 
the male of P. dardanus represents the original form 
of both sexes. On the islands of Comoro and Mada- 
gascar this state of things still survives. But it is 
supposed that on the African continent existed enemies 
which persecuted the species more than on the islands 

1 These two forms are figured on Plate 10 of Eltringham’s Africxm 
MJmetic BiiUerfliea. 
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and encouraged the development of mimetic forms 
in the female. The original female stiU Mngers in 
I Abyssmia though it is now accompanied by the two 

1 mimetic forms niavioides and ruspina. Over the 

rest of the area occupied by dardanus the females 
are always tailless and, with the exception of i/rimmi 
and dionysust wonderfully close mimics. Trimmi, 
the intermediate form, provides the clue to the way 
in winch the mimetic females have been derived 
from the male, viz. by the prolongation across the 
fore wing of the dark costal bar already found in the 
females of the Madagascar and Abyssinian races, 
by the deepening of the dark edging to the wings, 
and by the loss of the tail. Through the gradual 
accumulation of small variations trimeni came from 
the male-liko female, and by further gradual accumula- 
tion of small favourable variations the mimetic forms 
came from trimeni. South of the equator the male- 
like form and the intermediate trimeni have dis- 
appeared owing to the stringency of selection being 
greater. Moreover the likeness of mimic to model 
is closer than in the north, a fmther proof of the 
greater stringency of natural selection in these parts. 
Such in brief is the explanation in terms of mimicry 
of the remarkable and complex case of dardanuB. 

Although the Eux>loemae are not represented on 
the African continent, it is the headquarters of another 
distasteful family of butterflies — ^the Acraeinae — ^which 
is but sparingly represented in the Oriental region^. 

1 Acrma pwlae, the only repreuojatftUvo oi tho g^oup in S. India 
F. M, 3 






Of smaller size than the Datiainos they are ehamc- 
terised, like this group, by their teniujity of life and 
by the presumably distasteful eharaot€*r of their 
body juices. They are said also to possc^ss an offiuwive 
odour apparently exuded through the thorax. The 
majority of the members of tlie group fall into the 
two genera Acraea and Pkmema, H| Holies of AcTfMm 
are on the whole characterimKl l>y their geniwal liriglit 
red-brown colour and by the conspieumis hlnek siiota 
on both fore and hind wings, A typiaal AcTaeiiie 
pattern is that of Acram egiim (PL VI, tig. 7) whieh 
is mimicked remarkably clomdy by the Ny«i|»hfilifie 
Pseudacmea hoiadumli and by the Hwaiiow-tiiil Papilm 
ridUyanua (PL VI, figs. 6 and 6). 

In the genus Plamma the sjmts are m a rule fewer 
and clustered near the body, while on tmth fore and 
hind wings there is a tendency to develop ehmr • wide 
band-like areas of orange or white (of. PL VI 1 1. 

Like the Aoraeas the Planemaa iwtf |irinoi|«lly 
mimicked by specie of Pmudmrm^a and of Pmpilm. 
Some of the oases of resemblanot! Plant mm 

and Paeudacram are among the moat striking know^n, 
PUnema mamriata is one of thwe com|watividy raR» 
mstanoes in which a model shews a miirkcal diffeittiw 
in the pattern of the two sexes. The eloar aitm cm tlie 
fore wing of the male is deep omnge, whereiw in the 
female it is' somewhat different in shajsj, and. Ilk© tli# 
area on the hind wing, is white (eh PL VII, lip, I mt%d 

Btid Ceylon, le neverfchol#^ a vwy abimdant It 

be said that it is deflnltaly by iMay otiwp ips©!** tti iliii* 
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Psetidacraea eurytm hobleyi (PL VII, figs. 6 and 7) shews 
a similar difference in the sexes, the male and female of 
this species mimicking respectively the male and female 
of Planema macarista. The case is made even more 
remarkable by the fact that both of the sexual forms 
of Planema macariata are mimicked by the Satyrine 
Elymnias phegea (PL VII, fig. 9), though in tliis species 
either the black and white, or the black, white, and 
orange form may occur in either sex. Among the best 
Papilionine mimics of the Planomas is Papilio cynorta 
whose female is extraordinarily like the common 
Planema epaea (PL VII, figs. 5 and 10). The re- 
semblance of the planemoidea female of P, dardanus 
to P. poggei has already been noticed. 

A striking feature of the African continent is 
the frequency with which mimetic forms are found 
among the Lycaenidae. As a rule the blues ” rarely 
exhibit mimetic analogies, but in Africa there are 
several species, especially those of the genus Mim- 
acraeat which closely resemble Acraeines. Others again 
bear a marked resemblance to certain small Pierines, 
Citronophila aimilia from S. Nigeria for example 
being extraordinarily like the common Teriaa hrigittaj 
a small bright yellow Pierine with black-edged 
wings. 

A remarkable feature of the African continent 
is the absence of the Pharmacophagus Swallow-tails. 
Of such Papilios as exhibit mimicry, and as compared 
with the total number of the group present the pro- 
portion is large, the majority resemble one or other 

3—2 
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of the Chmctemtfc Bmmmm. wlitlf* « l^w «tif.|| «« 

P. ncOepanm^^ t^mwin r‘iilipr mi Arr««ii4 

or a PlaweraoKJ moclrL 

Ab in the Oriefital fi-gifni tlw 
do not otfer nmny inManw'i* «♦! 
a:ii6 genus MyMhm, m mhkh mm 

oharaeteriiocl by omn,gr» imtrhm at- iIp* Irnm-m ni ike 
of the fnw’ i.« In- 

providing mwlrk k*r allsmi grwMTM mmh 
as JtfmTms ami Phdmmm. flwt tm 11*^1 Iw-r pifwlrli 
nor mimioi offer a *Iirrrgt»ririt m ii|»|w’ftrfiiit» 

from the ordiwify firrine imim it in dtmhtlml miwdimt 
much 8tr« can b<^ ki«l <»« 

Africa ako ofem a few .^inhiiig nf iriiiiii«?rf 

in which ciaydfying i«<4lw piny n \mt%. The mm* 
spiouous Goometi*r Akim i« an iibiiri«iAfil. friroi, 

and with iti itrong f«i rf»i««r mul Iilm4 wmg iiiarpiig 
broken by white It is » slrikiiig iii ilw^ l*rt«*rfedl 

state* Among t.bo forms wddeli a, 
to it a» thi Nyntplialiiie rm:»pHu*^ mul tlie 


^ Cotoirodi ilmmimmli *4 iW fst/fcffwl 

k>*»| te ftw®4 is mmh «# ,«|rws#*( 


CHAPTER IV 


NEW-WOELD MIMICS 

Of all the continents South America affords the 
greatest wealth of butterfly life, and it is in the tropical 
part of this region that many of the most beautiful 
and striking cases of mimicry are to be found. Viewed 
as a whole the butterfly population presents several 
features which serve to mark it off from that of the 
other two groat tropical areas. In the first place 
the proportion of gaily coloured forms is higher. 
Bright red, yellow or fulvous brown contrasted with 
some deep shade approaching black form the dominant 
notes. Sombre coloured species are relatively scarcer 
than in the Oriental and African regions. In the 
second place when looking over collections from this 
part of the world one cannot help being struck by the 
frequency with which similar colour combinations 
occur over and over again in different as well as in 
the same groups. Now it is a simple scheme of black 
with an oblique scarlet band upon the fore wings— 
now an arrangement with alternating stripes of bright 
brown and black relieved with patches of clear yeUow — 
now again a scheme of pure transparency and black. 
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In connection with it there is a feature of i>e€tiiiar 
interest in that the transparent effect is not always 
produced in the same way. In the Ithomiii«« «ueh 
as Thyridia, where there are nonnally two kindfi of 
scales, the wider ones for tlie most part Im^. their 
pigment, become much reduced in and take on 
the shape of a stumpy V (PL XIV, fig. 3). Also they 
stand out for the most part more or lew at right wigleii 
to the wingh and the neck by which they joiniHl 
to the wing membrane is very short,. The longer 
and narrow form of scale;® also tend to IcMt^ their 
pigment and become reduced to fine liaire. In />w- 
morphia the scales, whieli are of one are almi 
reduced in size though apparently not in nurid«‘r. 
Like the wider scales of the Thyridia they tend wutie- 
times to project at right angles to the wing inemlirnne, 
though not to the same extent as in the llhonitiin* t 
possibly because the neck of the scale is not so 
short. As in Thyridia these minced Itwi? 

their pigment except in the transition rttgion rotinil 
the borders of the transparent patekm. In iim-m 
there is a difference. Tlie scales are not rtsluml to 
the same extent in point of aim Thciir nocks Am 
longer as in normal scales and they lie flat on the 
wing membrane. The majority of the scales, m in 
the preceding oas«^, lose their pigment, but rnixidl 
up with them is a certain proportion, akmt on©-<|uarter, 

1 These descriptions ^ takim from wtiieti 

I owe for the most part to the ldttdn« of Hr Joriitt, I aot 
had an opportunity of exsmilnini; frwh oom. 
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in which the pigment is retained. In Castnia and in 
Anthomysa the scales on the transparent parts which 
are without pigment are also somewhat reduced in 
size, being stumpier than the normal ones. At the 
same time they tend to stand out at right angles 
to the wing membrane The neck here again is 
shorter in the transparent than in the pigmented 
scales. A good deal of stress has been laid upon 
this case by some supporters of the theory of mimicry, 
since it is supposed to shew that a similar effect can 
be brought about in a variety of ways ; consequently 
the existence of this assembly of similar transparent 
forms belonging to various families cannot be put 
down as due to the effect of similar conditions, but 
must be regarded as having arisen in each instance 
in a different manner through the independent action 
of natural selection \ It is doubtful, however, whether 
such a conclusion necessarily follows from the facts. 
In all of the cases the process would appear to be 
similar: loss of pigment, reduction in the size of the 
scales, and eventually a tendency for the scales to 
stand at right angles to the wing — ^this last part of 
the process apparently depending upon the reduction 
of the neck of the scale. It has been said that greater 
transparency is brought about by the scales standing 
out at right angles in this way, but as the scales them- 

^ ThiH is more markcnl in. Castma than in Anthomysa. It appeaa:^ 
to bo a p(Jouliarity of many members of the genus Oastma that the 
scales do not lie so tight as genomlly in moths. Owing to this, some 
of the largo whole-coloured species have a somewhat flufly look. 

® Cf, Poulton, Essays on Evolution, 1908, pp. 264-6. 
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selves are already traiisparent then? woiilri fip|Kmr 
to be no reason why this should k* so. Of rmim' 
the process has not proemltMl in all of tiii' foriiis 
to the same extent. There is least ehange in Humi. 
where the scales are not much n^dueini in sixe and 
where a fair proportion are still pigm<uit«l. Tlu^re 
is probably most in an Ithomiine such us I'hifmlm, 
where the scales are not only small and entirely %%itliotit 
pigment, but also are for the most part nn 

that they stand out at right angles to t he wing, f I u %• 1 1 ig 
regard to the fact that several widely «*parat«^ getterii 
with different types of scaling formed the start iiig 
points, the final results do not to pn^eimie tfit? 
supposition that the transparency hm arisiui through 
a similar process in all of them. 

It is somewhat remarkable that no Hfityrine oxhiliita 
mimicry in S. America, in spite of the im% that Iriiini- 
parenoy of the wings, as in so many of the hutterfltes 
of this region, is quite common hi the grotip. On 
the other hand the relatively larger nwmk*r of inop'^ 
or less mimetic Rerines is a striking featnn-* of H. 
America. For the most part they belong in tlte 
genera JDimmfhia and Perr%£^rM, and n'sinnlile the 
yellow, black, and brown H©lieonint» and Ithoiniiiies, 
though some of the former genus are mimics of the 
small transparent Ithomiines. Boma of tlte nimtstm 
of Pereute with their dark ground colour aiwl tli® 
bright red bar across the for© wing (PL XI, %, S} 
resemble Hdiconius me^mnme^ m dc» Pm-piMo 
emkrpinm. But some of the most Intowtiiig Picirlin© 
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mimics are several forms belonging to the genus 
Ar&honias (PL XI, fig. 10) which exhibit the simple 
and striking arrangement of black, red and white 
so characteristic of the Swallow-tail Poison-eaters of 
S. America. They form one of the rare instances of a 
Pharmacophagus Papilio being mimicked by a butterfly 
which does not belong to the Swallow-tail group. 

As everywhere in the tropics the Papilios of S. 
America supply a goodly proi)ortion of the mimicry 
cases. A few, such as P. zagrem (PI. X, fig. 8), 
enter into the black-brown and yellow Ithomiine- 
Pleliconino combination ; P. euierpinus resembles Heli- 
canius melpomene (PI, XI, fig. 5); P. pausanias is like 
Heliconius aulphurca (PL XI, figs. 1 and 2). But this 
pracjtically exhausts the list of Papilios which mimic 
Heiiooninos and Ithomiines. The great majority of 
mimicking Swallow-tails in S, America find their models 
among the Poison-eaters of their own family, oflering 
in this respect a contrast to those of Asia where the 
majority of models are among the Danaines and 
Euploeines, and of Africa where they are exclusively 
Acraeines or Danaines. 

The Poison-eaters of S. America fall into two well- 
marked groups which we may call the rod-spotted 
and the dark green groups respectively. The red 
8X)otted group form a remarkably compact and 
uniform assemblage. The general ground colour is a 
deep black-brown (PL XI, figs. 8 and 9), the hind wings 
are almost invariably marked with red near the centre 
or towards the outer margin, and the fore wing may 
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or may not bear a patch which is generally whifckh 
in the female, though often of a brilliant blue or gr«ui 
in the male. This simple colour scheme with varia- 
tions runs throughout about thre^-quarteri (mmw 
40 species) of the Poison-eatem The fiame general 
colour scheme is also found in about two dozen »immm 
of the unprotected Swallow-tails. Aa thf^ total mtmlwr 
of the unprotected species is placed by at h*m 

than 100 this means that fully onc-qimrtcr of tlieiit 
fall into the general colour schema adofitiHl by Ilia 
majority of the Poison-eaters. In many ci»s tita 
resemblance between mimic and mcKlal ia so mm 
to have deceived the most exix^rt cntf)molo|ci«ts 
the structural differences Indwemi tlia urmifw liad 
been appreciated (of. Appendix II). The mtittor is 
further complicated by the fact that iK>lynit»rpbii«n m 
not uncommon, especially among the females «if tlie 
mimetic forms. Papilio lymihom for instance hm no 
less than six distinct forms of female, which differ 
chiefly in the extent and arrangement of the white 
markings on the win^, one form lactking them enti«*ly. 
Several of these forms may ocjour topffher itt a 
locality, and may resemble as many dktJiict nimfles 
of Poison-eaters. Thus the three forms %%ttlt 

white on both wings, rurik^ with white on tlie fore 
wing only, and pompmim without any white, all iy 
together in Rio Grande do Bui and r»|xictlfely fiiiinle 
the three distinct Pharniacopliagus spticii** mpMImm, 
chamissonia^ and peirhdms (Pi Xill). It !• worthy 
of note that nahnic^ are provided by both unfirolMt^ 


' s i, j ^ C " 
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groups of Swallow-tails in S. America, whereas in 
Asia the Cosmodesmus division never provides mimics 
for Pharmaoophagus models (of. Appendix II). 

In the second and smaller group of the Phsirma- 
cophagus Swallow-tails the general colour scheme is a 
more or less dark metalHo blue-green with a tendency 
towards the obliteration of light markings. Some 
idea of their appearance may be got from the figure of 
the Central and N. American P. philenor on PI. XVI, 
fig. 1. Though one or two unprotected Papilios 
in S. America fall more or less into this colour scheme, 
the group, from the point of view of mimicry, is not 
nearly so important as the red-spotted one. 

Nevertheless the blue-green Pharmaoophagus group 
as represented by P. philenor is supposed to play a con- 
siderable part in mimicry in N. America. P. philenor 
is found throughout the greater part of the Eastern 
United States, straggling up as far as the Canadian 
border. On the west it is Also found reaching up 
to North Cahfomia. Over considerable parts of its 
range are three other Swallow-tails, belonging to 
the unprotected Papilios, which are regarded by 
Professor Poulton and others as mimics of philenor \ 
One of these, P. iroilua, is dark brown with a dusting 
of blue scales over the hind wing (PI. XVI, fig. 2). 
The sexes here are more or less alike. Troilus stretches 
up into North-west Canada some way beyond the 
limits reached by its model. P. glauom is a black 
and yellow Swallow-tail with two forms of female. 

^ Cf. Poulton, Darwm andihe 'Origin,' 1909, pp. 177-186. 



One of these resembles the male while the other m 
darker and is said to mimic phttcfwr* It w known 
as the turnus form and is found mom conimonly In 
the southern part of the range of the R|iec?ie«, I'.r. in 
the country where pMlenar is more |>Ientif«l The 
third species, P. asterius, has a more southerly tiin- 
tribution. Its female is darker and Hfmrer to phitenm 
than the male. It must, however, he adniittefl 
that none of the three species lamiw a very eh«' 
resemblance to philerwr. It is suggested tliiit tlik 
is because P. phiUnor is a tropical form which Iww 
only recently invaded N. America. The cro«tiig r»f 
philemr has, as it were, induced the ihrtM^ tiiimicktng 
Papilios to turn dark, but the mcxici has not lK»f*n 
long enough in contact with them for tlio likeneiw 
to become a close one. The axplarmtion, however, 
hardly accounts for the fact that the mimic 
of the three, P, troilm^ in which both mmm are dark, 
is found far north of phihmr* Either the dark colour 
was estabhshod without the influonee of the Plwrmii- 
oophagus model, or eke the special rapidly exfertdwl 
its range northwards after having hmn 
under the influence of phihrm in the noutli. Hut 
in that case the critic may ask why it does not rtivert to 
the original patten now that it haa got beyoiid the 
modehs sphere of influeno©. On the whoki it 
at present quit© doubtful whether any relation of 
a mimetio nature exists between P. pMkm^ and 
these three speoies of Papilio, 

P. pUlenoT is also reg^ded as »rviiig m a 
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for two Nymphaline butterjGLies in the United States. 
One of these is the large FritiUary Argynnis diana 
of which the dark female has a markedly blue tint 
on the upper surface (PI. XVI, fig. 3)* The other 
is a lAmenitis^ related to our own Wlxite Admiral. 
This form, L. astyanax (PL XVI, fig. 6), is a dark form 
with a bluish iridescence on the upper surface. It is 
found, like P. philenor, over the greater part of the 
Eastern States, while to the north, near the Canadian 
boundary, its place is taken by L. arthemia with 
prominent white bar across both wings (PL XVI, fig. 4). 
There is reason for believing that where the two overlap 
there is occasional inbreeding, and that the hybrid 
is the form known as Proserpina^ resembling astyanax 
more than arthemis. It must be admitted that in 
general appearance L, astyanax and Argynnis diana 
are more like Papilio troilus than P, philenor. In 
explanation it has been suggested that all the mimics 
are on the way to resembling P. philenor, and con- 
sequently we should expect them at certain stages 
to shew more resemblance to one another than to 
the form they have all as it were set out to mimic. 
On this view they will aU arrive at a close resemblance 
to philenor in time. Another explanation is that 
favoured by Professor Poulton on which it is assumed 
that we are here dealing with a case of MiiUerian 
Mimicry, all of the species in question being distasteful 
with the exception perhaps of A. diana. Thus troilus 
and astyanax though distasteful are less so than 

The N. Amorioaa members of this genus are often referred to es 
Bmttarchia, 



phileTior. Hence it is of fiuivantago to them to have 
even a chance of being mistaken for the more obiioxioiw 
pUlenoTf and so the one has come from the Idfiek 
and yellow Swallow-tail pattern and the other from 
the white-banded arlhemis form to what they are* 
i,e. more alike to ono another than to phikmtr, They 
now form a MliUerian combination for rn«t«iil |irt»t<^dirin 
along with the dark females of glaueus and mkrim. 
But they are themselves still moderately distii-stelwl 
so that it is to the advantage of the female of /Irff/wwi# 
ddana to mimio them. Whether they iwv all oti the 
way to resembling phiUmr more cIcMudy* or w*hetli«^r 


they have sufl&ciontly vindicated them waxithle firojam' 
ties and are now stationary, it is for the fiifuri* to 
reveal to posterity. Lastly have the vii^w tliat 
these different species have attaint'd tlieir pn^iient 
coloration entirely inde|HmdentIy of one tiiicnher, 
and that we are not here concjcnied with tiiittiicry 
at all. Since the sole evidence avaikbk at jirciierit 
is that based on general ap|>earanee iiiicl gt?o|p*iijiliicml 
distribution, the view taken of this ca«e miint rest 


hlematioally mimetic, H. America has yet m!%‘eral 


forms as dose aa any that occur In the trofilm lii 

this region are found two sja^ies of tha JMmds 

D. archippua oooumng all over the Uiiited Htat4*« 
and reaching up northwards into Cariaci% iX Im.rmkm 
found in the South-eastern Stato, f.f, in Florida, 
where it is said to be more abundant tli&ii arnkmoms. 



JSTEW-WORLB MIMICS 


49 


D. arcM^^us (PL XVI, fig. 8) is very similar to the 
oriental D. plexippics (PL IV, fig. 2), from which 
perhaps its most notable difference lies in the extent 
and arrangement of the white spots near the tip of 
the fore wing. D. herenice is not unlike archippus in 
its general colour scheme but is smaller and darker 
(PL XVI, fig. 9). 

We have already had occasion to mention the 
common Nymphaline, Limenitis arthemis (PL XVI, 
fig. 4) which is found in Canada and the North- 
eastern States. Widely spread over N. America is 
a close ally of this species, L. archippus, which, though 
so similar in structure and habits, is very different 
in external appearance. As appears from PL XVI, 
fig. 6 , L. archippus is remarkably like the Danaid 
which bears the same specific name. In the Southern 
States L. archippus is replaced by a form slightly 
different in details of pattern and distinctly darker, 
JL. floridensia {^eros) (PL XVI, fig. 7). In Florida 
occurs also the darker N. American Danaid, D, herenice, 
to which the colour of X. floridensia approximates 
more than to D, archippus, and it is of interest 
that although the last named is also found in this 
locality it is said to be much less abundant than 
I), herenice. Nevertheless it appears to be true that 
the range of L. floridenais is much more extensive 
than that of its model ; in other words, that there 
are considerable regions where L. floridensia and 
D. archippus coexist, and from which L. archippus 
and D. herenice are wanting. 


P. M. 
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CHACTEli V 


SOME CEITICISMS 


The facts related in the last two clia|il<*r« are 
sufiS-oient to make it clear that thiw retnarlcAhlf' 
resemblances between species l»eIonging m a rule 
to widely diiBferent groui})s oonstitMte a r«^il plieiio* 
menon, and as such demand an axplanatioin One 
explanation, that in tenns of the theory of inirrnery, 
has already been outlined, and we may now turn to 
consider it in more detail Borne years ago Wallaeti*, 


resemblance might be mere coinddenees, laid < 
five conditions which he stated were applimbi 
all such oases, and rendered utterly itMwlt»f|imte 

I 

These five conditions are of hktorioal interest mm 
may also serve as a peg for sundry eriticknw in mm 
neotion with the mimicry theory. ThBymmm folliiwg 
(1) That the imitative speoiwi occmr in tlni m%tm 


(2) That the imitators are always I 
moeless. 

^ DarwMmt 1890 (life Edition lSil|, b. Ml* 
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in >nutators are always less numerous 

buJfc of 

and viaible only, nw® LtenX^® ^ 

or to such as do not affect thf ^ oharaoters 

, I- 0*»i^ «»w. 

planation it wiU be convemeurL 1 ^ ex- 

witb these five conditions wUchw JLT 
constant for aU oases nf *• regarded as 

(1) TTmt L : “ resemblance. 

Ol um the imitahve species occur ,« 

area and occupy the very samr »tnt° ? 

, TWs on the whole Z 

m some of the most stritm^. is well shewn 

the Old-World Panilina fT f those of 

tt. D™oSL‘'Sr£“ 

strictly inside thTarea inhabitMby Se mS2 
‘Vector, for instance, is only found wLT^n^'^ 
occurs, ncr is P. mendal kno’l 
frequented bv Bunlnm S'rea 

striking in this resncct aru Even more 

Dismofphia reseSnces L'T Ithomiine- 

IthomiiL mo“ aT al 1 The 

very abundwt Tw" u ^ though 

domn.!„r t!, .. hundred miles away the n™ 

dominant Ithomime often bears nnWa ^ 

Ihtmorph^a m generaUy changed in the same set" 

4~-~2 



I 


But though mimic and model may Iki found logother 
in the same locality » they do not alwaya (K^nipy the* 
same station in the aense that they fly together. 
According to Seitz ^ tho Diarnorpliiaa thimirndves do 
not fly with the Ithomiinea which they niiniie. The 
occurrence of butterflies is largely eoiifliticinecl by the 
occurrence of the plants on which thf* larvn 
and this is especially tnio of the female, mdiieli, ii-h hiw 
already been noticed, is more eommoiily iiiinietie 
than the male. The female of Pnpilm fmlpk.% for 
instance, is found flying where art! to !«» ffitiiiil the 
wild citronaceous plants on which its larva 
On the other hand, its so-called mmiels, Papilm hr dm 
and P. arintolocMae., are generally in the prosittiify 
of tho Aristoloohias on which thedr larvae Umt, The 
two plants are not always found togtd tier. «» I It at 
one frequently comes across arimii wIiitc i\ pdpim 
is very abundant while tho models arc scarce or iilmiuil. 

Though in the great majority of amim the mutmtm 
and the imitated occur in the mine ltK«liiy, this ia 
not always so. The female of the I'ritilkry Artfffmh 
hyperbim (PI. IV, fig. 3). for toiter icie, is exeiw^lifigly 
®floult to distinguish from JMmm plmippm wlteti 
flying, although when at rest the dlfirntme tetww^i 
the two is sufficiently obvious. Both kmmtM mm 
plentiful in Ceylon but inhabit diferciit «tetlfifw. 
The Danald te a low-country insect, while the f ritlikry 
is not found untfl several thousand ftefc up. 'Hie two 
species affect entirely different stations and liarillf 

* M<mohpi$aptmk qf tim W&rH, Fmtm> p. Sft, 
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come into contact with each other. Where on© is 
plentiful the other is not found. It has been suggested 
that migratory birds may have come into play in 
such cases. The bird learns in the low country that 
D. plexippua is unpleasant, and when it pays a visit 
to the hills it takes this experience with it and avoids 
those females of the Eritillary which recall the un- 
pleasant Danaine. 

Migratory birds have also been appealed to in. 
another case where the resembling species are even 
further removed from one another than in the last 
case. Hypolimnas misippus is common and widely 
spread over Africa and Indo-Malaya, and the male 
(PL IV, fig. 8) bears a simple and conspicuous 
pattcrn—a largo white spot bordered with 
on each of the very dark fore and hind wings. The 
same pattern occurs in the males of two other Nym- 
phalines allied to Ji. miaippm, viz. Athyma punctata 
and Limenitu alboniaculata. The two species, however, 
have a distribution quit© distinct from that of E. 
misippus, being found in China. It has nevertheless 
been suggested by Professor Poulton^ that the case 
may yet be on© of mimicry. According to his explana- 
tion, //. misippus is unpalatable, the well-known 
jiHBociation of its female with Danaia chrysippus being 
an instance of Mhllerian mimicry. Migratory birds 
did the rest. Having had experience of //. miaippm 
in the south, on their arrival in China they spared 
such specimens of Athyma punctata and Idmenitis 

^ ICmayn an Evolution, lOOB, p. 381. 


albomacumia m upprmctmt mmt twmny m ##. mi^ppfm 

in pattern, and m bronglit iilMint t.lir rppf'itililiiti«%. 

The explanation is ingmioiiP, Inif it .«iiii|drr viin? will 
probably eommend itaelf t« mmt. r»r;«s ara 

known in ■which twa> btittiTlIicn a vhm*- 
in pattern and yet an^ widely tii'’|Mi.r'iit«l gr«grii|»liif’iilly. 
Several 8|H«iea of thr K. Atiieri«iiii VmitmmM gniiin 
Adelpha are in colour «dnnm* llki" tlir Afric’aii i*ksmemti 
poggei which mtvm a iwah’l f«ir iiifirc liijm mim 
species. The little B, Arnerh'’.ii.ii hutmkmmi 

would almt^t wrtaitily In* ri*gar«Irfl ciilifr m n iwKilid 
for or a mimic of the Afrieiiii *Vrpli‘.« artitrir.#. did tliij 
two occur together. Keverllieleiia tnic a w| ilr.fi nf rlftfn* 
resemblance b<*t wt*en butterflies wbieli lit-i** in diflrmit- 
parts of the world an* rr*lati%-ely riire and mv%H* to 


In the case of butterfli«i ** clefenee^* m a *leiio|.« 
a disagreeable flavour nuitlerltig its innmmmm dii*tiist,eltil 
to birds and |K!rha|» to otlu^r wiHild-la^ ilm^fuirtm 
Feeding experiments with bittln (id. Cltupifr IX | 
suggest that certain groiifm of iiotalily 

the Danahnes, Acnu»itM?i* Helicfoiiintm, imil 

Pharmacophagus Pap{Uc>»-^~.^-grcjii|m from wtiii’li ititMlek 
are generally diawn*— arti ehai*at?te,iiiK‘fl l#y a tlisfigntwilila 
taste, while as a rule this la not triM* for tlie tntiiiira. 
This distasteful (|uality i« fK^liieiilly »«MMii|iaiifeci 
by a more or li* compioiious tyfa* of coloraticui. 
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though this is by no means always so. Many Euploeas 
are sombre inconspicuous forms, and it is only some 
of the Ithomiines that sport the gay colours with which 
that group is generally associated. The members of 
the distasteful groups iisually present certain other 
peculiarities. Their flight is slower, they are less 
wary, their bodies are far tougher, and they are more 
tenacious of hfe. The slow flight is regarded as an 
adaptation for exhibiting the warning coloration to 
the best advantage, but from the point of view of 
utility it is plausible to suggest that the insect would 
be better ofl if in addition to its warning coloration 
it possessed also the power of swift flight^. It is 
possible that the peculiar slowness of flight of these 
unpalatable groups is necessitated by the peculiar 
tough but elastic integument which may present an 
insufficiently firm and resistant skeletal basis for 
sharp powerful muscular contraction, and so render 
swift flight impossible. It is stated that the flight 
of the mimics is like that of the model, and in 
some oases this is imdoubtedly true. But in a great 
many cases it certainly does not hold good. PapiUo 
clytia (PI. I, figs. 7 and 8) is a strong swift flyer 
very unlike the Danaine and Euploeine which it is 
supposed to mimic. The flight of the female of 
HypoUmnas misippua (PL IV, fig. 7) is quite distinct 
from that of Danaia chryaippua, while the mimetic 

Thwjo “ unpalatablo ’* butterflies aro sometimes extensively 
preyed upon by inBectivorous birds, when they fall an easier prey owing 
to their slownoBS (of. p. 112). 
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forms of P, pdyU'x fly like lli<* WMi-mimi'tii’ cmu*. a 

mode of flight so diflfewnt fnim llmt of tin- t%rrt iiicMWa 
that there" m no difticwlty iti 

many yards away. Hwift mmt i«* n-t'koiiwi 

as one of the chief modes of ili'feiin* in a InittiTlIy. 
and on this scjore the mimic- if* often hrtler oil limti 
the model. And of emiw it- mmt imt lie fornotieii 
that where the mode of flight m clisttmi the 
value of the ri«mhlan«c must \w vt^ry nmrh 

(3) That ikt imUaiarM iirr hm nmmrmm. 

in individmk, 

In the majority of vnm*n tlik m c-rriaiiily 
Probably all the Old-World lhi|iilwwt llmt iiiiinie 
Danain^ are seareer, and frr«|«i*tiily vory ttiiioii 
scarcer, than their mmlt?la. Tlda ta vt*ry f*%u«huit Irtiiii 
a study of the more eomiirelieiisivo 
of LepidopUm The mimic* in getieraliy ii ititire 
expensive insect than the mwhd, iind not: ltifr«|Moti{|y 
it costa as many ftounds m the itiodrl dw^ siiilliiigw. 
But the rule is imt univeriial^ Ptipilm iw ofteii 

much more common than oitlier of iu mocirla. Hits 
remarkable Pierinc*, Arehmim li^mm ami /I. erMm 
(PL XI, fig. 10) as a rule fur outmiiiiliifr ilm Plmrittiiimi* 
phagus SwaUow-tail which they inittdc. Or again tlw 
Chaloosid moth Otdhnwmu pieridakim * m m ttitirif 
abundant insect than the Iktrnimn Pierififf Mmrn 
cathara wMoh it olotely rt»embktti. 

It has sometime been in exjilititaticiii 

Se© Shelford# Ihm* Mmt, Mm. |i. tW. 4 mimmmi iSipifw^ 
of both apodoa to gtvm ia tto pajitr. 
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of the greater abundance of the mimic that in such 
oases we are concerned with Mullerian mimicry, that 
since both of the species concerned are distasteful 
there is not, strictly speaking, either a mimic or a 
model, and consequently the relative proportions have 
not the significance that they possess where the 
mimicry is of the simple Batesian type. It is, however, 
very doubtful whether such an explanation is of any 
value, for, as will appear later, there are grave objections 
to accepting the current theory as to the way in which 
a resemblance' is established on Miillerian lines (cf. 
pp. 72-74). 

(4) That the imitators dijfer from the bulk of their 
allies. 

What importance we attach to this condition 
must depend upon our interpretation of the word 
“allies” — whether, for example, we use it for a small 
group of closely connected species, for a genus, for 
a group of genera, or in an even wider sense. Perhaps 
an example will serve to make the difficulty more 
clear. As already noticed, the S. American genus 
Dismorphia belongs to the family of Pieridae or 
“whites.” Also certain species of Dismorphia bear a 
close resemblance to certain species of Ithomiinos, 
a noteworthy example being D. praxinoe and Mecha- 
nitis saiurata (PL X, figs. 3 and 7), in which the 
pattern, colour, and shape of the two species are 
all far removed from what is usually understood by 
a “white.” It must not be forgotten, however, that 
these matters are generally discussed by European 


naturaliHts who have gn>wn up in ii rrginii win^rf 
the aiajority of the “whitoH” are iuort’ or whiii*. 

For this rca«on the thut iK prarimn- 

from the bulk of iln alhi'H m likely to iiu-ef with 

general acce[)taiic(% eHjM'eially iim hijiiii* of flu- fi|MTii -4 
of the genus itsc'lf (e.g., /k. rrriurtu^ PI. X. lii.'. l| 
are regular w'hiteH in apiMnanusef. Iltit wle-ii wi^ 
conic to look at tlu* genuH />iXwor/#/i/fi ii.h a the 

matter aSHumes another rtun]jlexi<UL Seit/, ^ rrrfi;,piiHrM 
75 species of which about a (lc»zen are prefliuiiiietiit ly 
white. The rest pnwnt a wcuuterful divrrHtiy of 
colour and pattern. Black protloijitnatcH on fhr furr 
wings, and the iimect is fn‘c|ticnfly inarlicd with gay 
patches of yellow, bright brown, warh*!, fir blw*. 
Forms which from their <u)lonr an* chairly not mintioM 
present nevertheless the general patP’rn and Hhaiwi* 
of other forms which hear a strong remunltlain’s* t« 
some Ithomiine. Hornet imes a elmnge ttf ctihmf in 
certain patches from blue or yt*lhnv to bright brown 
would make all the difl(*rentu* b<*t vvta*n ii ntm-iiiiitai ivc 
and an imitative speeies. Moreover, fht* nondndtative 
forms frequently have the |H‘euhitr namrw* wing, so 
unusual in a Pierine, which enluineeH the reHmiiblaiirc 
of the mimicking sjHHsies th<* Ithorniint* iiitwlrl, 
and which to some extent oetmrs in /i, rrr|fir#ti. 
Clearly w© are not justified in saying that /k irmrinm' 




there are many nondmitative sfatci 


tries w 


HyrrmTUmimt 


Plates 28--30. 
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from it in some particulars and are alike it in others. 
There is a distinct family resemblance among the bulk 
of the Dismorpliias, including practically all the mimetic 
forms, and on the whole the resemblances between 
the imitative and the non-imitativo forms are as 
noteworthy as the differences. Though not exhibited 
in so striking a fashion, the same is to a largo extent 
true of a large proportion of the cases of mimicry. 
It is on the whole unusual to find cases where a single 
apecics departs widely from the pattern scheme of 
the other members of the genus and at the same time 
resembles an unrelated species. Two of the best 
instances are perhaps those of Litnenitis arcMpjnis 
(p. 49) and of the Pierid Pareronia (p. 23). Of 
the total number of mimicry instances a high propor- 
tion is Bupjdied by relatively few groups. In each 
region several main series of models and mimics run 
as it were parallel to one another. In Asia, for example, 
we have the Papilio-Danaine series where the colour- 
patterns of a series of Danaines, all nearly related, 
are closely paralleled by those of a section of the 
genus Papilio, and by those of the Satyrid genus 
Mymnias. In Africa there is a similar Papilio-Danaine 
scries though of less extent. Africa has a grouj) of 
modcils not found in Asia, and the Papilio-Danaine 
H(Tit‘.H is as it were curtailed by the Papilio-Planoma 
scries with which to some extent runs i)arallol the genus 
PHeudmraext. 111080 phenomena of parallel series have 
been mentioned hero as shewing that mimicry tends 
to run in certain groups and that in many cases at 


There is a serious diffioulty in the way of fieeepiing 
the former of these two views. If oiir two i€|ii»fui»n. 
model and would-be mimic arts to iM^gin with, rtiiirkwlly 
different in pattern, how can we ihat a iilight 

variation in the dtetion of the rnfalel on tlie fufirt 
of the latte would be of any value to it 1 Take for 
example a well-known Soutli Americmn e».iif:»'^^-thci 
resemblance between the yellow, blac'k, immI lirowii 
Ithomiine, Me^mnith mtiuraia (FL X, fig. 7 1 iiiiti 
the Pierine, Dmfwrphm pmximm (FL X, fig. 3L 
The latte belongs to the family of the ** whiira,** atitl 
entomologists consider that in all probiibtlity it« 
ancestral garb was white with a little btek like the 
closely allied sjieoies IX cmkmti (FL X, fig. 1|. C*ari 
we suppose that In such a ciyie a amall developmeitt 
of brown and black on the wings wxmld Im siiflleieiit 
to recall the Ithomiine and so hvi of aervieti to the 
Dismorphia which possesacMi it ! Biieh m rekti%^p|y 
slight approach to the Ithomiina coburtiig m i«liewit 
by the males of certain South American ** whiten” 
bebnging to the genus Perrhybris (PL X, fi^. 4 aiiil 5|. 
But the colour is oonftned to the «iid#r-«tirfai» aiiil 
the butterflies posa^ing it could hardly Imi cciiift«xl 
with a Mechmitis more than their whit© ri*Iali#i» 
which entirely lack such a patch of wkiur. If lii«k 
regarded white butterfli^ m ©dibit it is diikiilt to 
suppose that l^ey would be ohack^ In thtir attMifa 
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by a trifling patch of colour while the main ground 
of the insect was still white. But unless they avoided 
those with the small colour patch there would be an 
end of natural selection in so far as the patch was 
concerned, and it would have no opportunity of 
developing further through the operation of that 
factor. This is the difficulty of the initial variation 
which has been clearly recognised by most of the 
best known supporters of the theory of mimicry. 
Bates himself offered no suggestion as to the way 
in which such a form as a Pierid could be conceived 
of as beginning to resemble an Ithomiinek Wallace 
supposed that the Ithomiines were to start with 
not so distinct from many of the edible forms as they 
are to-day, and that some of the Pierines inhabiting 
the same district happened to be sufficiently like some 
of the unpalatable forms to be mistaken for them 
occasionally 

The difficulty of the initial variation had also 
occurred to Darwin, and he discusses it in an interesting 
passage which is so important that we may quote 
it here in full : 

It should be observed that the process of imitation probably 
never commenced between forms widely dissimilar in colour. But 
starting with species already somewhat like each other, the closest 
resemblance, if beneficial, could readily be gained by the above 
means ; and if the imitated form was subsequently and gradually 

^ “In what way our LeptaUs {=IHsmorphia) originally acquired 
the general form and colour of Ithomiae I must leave undiscovered.” 
Trans. Linn. Soc. vol. 23, 1862, p. 613. 

2 Darwinism, 1890, pp. 242-244. 
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modified through any agency, the imitating form wcmld tie Iwl 
along the same track, and thu« he alteiwi to any extent, w 

that it might ultimately awumo an appimrancc or ciihwring mlinlly 
unlike that of the other memlH^ra of the family to ■which it Iw'hingwl. 
There is, however, some difRculty on thia for if k 
to suppose in some cases that ancitnit mcnil»r»w Isdringiiig l« wn-oml 
distinct groups, before they hiui divergtvl t<i their |mwnt os tout, 
accidentally rwemhlecl a memter of another ami prolw’t«| frotip 
in a sufficient degriMi to afford some slight pn»twtk»ii; thi« iwvtiig 
given the basis for the subseci«eiifc acqtikittfin of the t««wl i*Tfr%'’t 
resomblanoe^. 

Both. Daxw’in and Wallace rtu?ogniwHi clr»ii,rly 
difficulty of the initial varktion«» and latllt atiggcslt^fl 
a means of getting over it on similar tlofli 

supposed that in general colour and laitti^rri f li«* grtiujis 
to which model and mimic ladongcd were fur mop? 
alike originally tlian they art!> t^Mlay* They wen? 
in fact so much alike that comparatively small varia- 
tions in a favourable direction on the jMirt of the mimk 
would lead to its being confused with the «n|mlatiible 
model. Then as the model became mop* amt nmm 
conspicuously coloured, as it davelofied a more and 
more striking pattern warning would-Im enemies of 
its unpleasant taste, the mimic padmlly kept |»ee 
with it through the operation of natitral wlecitlon, 
in the shape of the discriminating enemy, elimliiatitig 
those most unlike the model The mimic tra velltMl clf»ly 
in the waJke of the model, coaxed m it were by nat 
selection, tdl at last it was far remove in 
appearance firom the great majority of iti i 

^ Origin of Spo(4m, 6th Editioa, I8tl, p. 
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In this way was offered a comparatively simple 
method of getting over the difficulty of applying 
the principle of natural selection to the initial varia- 
tions in a mimetic approach on the part of one species 
to another. But it did not escape Darwin’s penetra- 
tion that such an argument would not always be 
easy of application — that there might be cases where 
a given model was mimicked by members of several 
groups of widely differing ancestral pattern, and that 
in these cases it would be difficult to conceive of 
members of each of the several groups shewing simul- 
taneous variations which would render them liable to be 
mistaken for the protected model. The difficulty may 
perhaps be best illustrated if we consider a definite case. 

It is a feature of mimetic resemblances among 
butterflies that a given species in a given locality 
may serve as a model for several other species belonging 
to unrelated groups. Generally such mimics belong 
to presumably palatable species, but other presumably 
unpalatable species may also exhibit a similar colora- 
tion and pattern. In this way is formed a combine 
to which the term “mimicry ring” has sometimes 
been applied. An excellent example of such a mimicry 
ring is afforded by certain species of butterflies in 
Ceylon, and is illustrated on Plate IV. It is made 
up in the first place of two species belonging to the 
presumably distasteful Danaine group, viz. Danais 
chryaippm and D, plexippm. The latter is a rather 
darker insect but presents an unmistakable general 
likeness to D, chryaippus. Those who believe in 
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Mullerian mimicry would regard it m an excellent 
example of that phenomenon. B’or thoae who hf^lieve 
only in Batesian mimicry IX pkjcipptm^ Ijcniig the 
scarcer insect, must l>e regarded a» the iiiimit* and 
D. chryaippus as the model. In both of the»e 
the sexes are similar, whereas in the otht‘r thrw» memhera 
of the ** ring ” the female alone exhibits the rc»rriblat«*i». 
One of these three 8|)ecies is the oommon Nyiiifihuliiie, 
EypoUmnaa mimppm^ of which the femiile iMmrw an 
extraordinary likeness to D. chryBippm when »i*t find 
pinned out on cork in the ordinary way. The tm%k% 
however (PL IV, fig. 8), is an insecd of totally 
different appearance. The u|)pcjr surfaces of the wings 
are velvety blaok with a large white |»teh 
with purple in the middle of ea<diL The **ring” is 
completed by the females of Elymnim umtukmB and 
Argynnia hyperbius. The former of th«t 5 btdonga to 
the group of Satyrine butterflies and the femiile k 
usually regarded as a mimic of D, pkxippm, which 
it is not unlike in so far as the upjmr itirfai're of thii 
wings is ooncerned. Here again the main k an trisect 
of totally dissimilar appearand Except for a Imitler of 
lighter brown along the outer edges of the hind winp 
the upper surface is of a uniform deep purple-brown 

^ 1 H, mis^pwr waa at om Uma r»gfti>di>d m a fjaar of 
mimiory. But In view of ite ptoUfuInw. of fcfw* tmi tlmt il umy im 
abundant outside the area in,habifc#d by it« roodal. M»ri of itm 
with which it can Mte-blkh Itself in parte temtite fi»m ite mi^rni 
habitat, s.g'. 8. .America, it haa oonw to be ri^pMPduti t>y ftwptefit •tippoftew 
of the mimiory theory ai a Mfllteriaa mimic. 01. Ponltiio. M^m m> 
EvohMon, 1908, pp. 21&-M7. 
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aU oyer (PL IV, fig. 6). In Argynnia hyperbim 
the appearance is in general that of the Fritillary 
group to which it belongs. But in the female the 
outer portion of the fore wings exhibits much black 
pigment and is crossed by a broad white band similar 
to that found in the same position on the wing of 

D. plexippus (PL IV, fig. 2). 

Of the five species constituting this little “ mimicry 
ring ” in Ceylon two, on the current theory of mimicry, 
are to be regarded as definitely unpalatable, one 
(H. misippus) as doubtfully so, while the Satyrine 
and the Fritillary are evidently examples of simple 
or Batesian mimicry. 

Now such examples as this of simultaneous mimicry 
in several species are of peculiar interest for us when 
we come to inquire more closely into the process 
by which the resemblances can be supposed to have 
been brought about. Take for example the case of 

E, undularis. The male is evidently an unprotected 
insect in so far as mimicry is concerned, while the 
female exhibits the general pattern and coloration 
characteristic of the warningly coloured and pre- 
sumably distasteful species D. plexippus or D. chrysip- 
pus. If we are to suppose this to have been brought 
about by the operation of natural selection it is clear 
that we must regard the colour and pattern of the 
male as the original colour and pattern of both sexes. 
For natural selection cannot be supposed to have 
operated in causing the male to pass from a protected 
to an unprotected condition, or even in causing him 
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to cliange one improtecfed eondition for ttiiotlier. 
Probably all adherents of the mimiery theory wtniltl 
be agreed in regarding the male of Kl^nmim mitiulnrm 
as shewing the ancestral coloration of the and 

in looking upon the female m having mtKlifird to 
her own advantage in the dirc'ction of ll pkj'ippim. 
The question that we have to try to «lf*cucle m liow 
this has come about— whether by the acetitiitiliitifiii 
of slight variations, or whether by a aiidcleii ehiitigi* 
or mutation in the pattern and colour of the fiuiiale 
by which she came to resemble dow^Iy ih!*? Ihymine. 
It is clear that if J), pkxippm wert^ wdiat it im tiMlaf 
before the mimetic approach on the jmrt of nmiuktrm 
began, small variations in the latter w'otild have lavii 
of no service to it. The diffenuice the two 

species would have bean far too gnmt for iiidividtiala 
exhibiting slight variation in the dtn»tdioft of Ih 
plexippua to stand any chance of Iming confum*d 
with this specie. And unkm 8uch oonfuiiioti wito 
possible natural selection could not work. Therts 
however, an immediate way out of the di fliciulty. 
We may suppose that the colomtion of the m&k 
of the mimic, M, unduhriap is not only the aiaawtral 
colour of its own specie but also of the mocliil. IX 
plexippua on this supposition waa very like M, mfid'uimfw^ 
of whioh both sexes were then siinili^ to what tho 
male is to-day. The pattern is, however, an incon- 
spicuous one, and it can be imaginecl that It might 
he to the advantage of D. plmippm to don a brighter 
garb for the advertisement of its unplwwwat 
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Variations in the direotion of a more conspicuous 
pattern would for that reason tend to be preserved 
by natural selection, until eventually was evolved 
through its means the well-marked pattern so charac- 
teristic of the model to-day. If in the meantime 
variations in the same direction occurred among the 
females of E. undularis these would tend to be preserved 
through their resemblance to the developing warning 
pattern of the distasteful Danaine model. The develop- 
ment of model and mimic would proceed pan passu, 
but if the sexes of the mimic differ, as in this case, 
we must suppose the starting-point to have been the 
condition exhibited by the male of the mimicking 
species. 

But Argynnis hyperhius is also a species in which 
the female mimics D. plexippus ; and by using the 
same argument as that just detailed for Elymnias 
undularis we can shew that the Danaine model, D. 
plexippus, must also have been like the male of Argynnis 
hyperhius. And if the resemblance of A. hyperhius 
was developed subsequently to that of E. undularis, 
then both D. plexippus and E. undularis must at one 
time have been Uke the male of A, hyperhius, a pro- 
position to which few entomologists are likely to assent. 
Further, since the female of H, misippus also comes 
into the plexippus-chrysippus combine we must suppose 
that these species must at some time or another have 
passed through a pattern stage hke that of the misippus 
male. 

It is scarcely necessary to pursue this argument 






further, for even the niofit 


II 

of natural selection on small varlalioiw lia, 
likely to subscribe to the phyltigerieiie coniief|tK* 
which it must entail in when* a model m miriiit 


Even if we supiwse the two ummmm to 
been originaliy like the male of one of the flmv niiiiiirfi, 
we must stili suppose that the fenialf‘« of 
two originated as *‘s|)ort8/^ suflieiently near to 
to be confused with thcun. But if wtieli nfiorlw emit 
be produced suddenly by some nmtatitmiil |iriK*f»:!<« 
not at present undersfo-od^ why slifnild not them* 
sports be the females of the thm^ niiirik?king 
as we see them at present f Why nmnl we sti|i|««ie 
that there were intermediate ntMmm la^tw’eeii tlie 


which was like the male If If a s|M>rt cm? 


be confused with it, it is theoretically ilenioii 
that, although relatively scarce to start with, it 


So far we have discuiscMi what we 
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been brought about by a succession of sHght vari- 
ations must also assume that model and mimic were 
closely alike to start with, and this certainly cannot 
be true in many oases. On the other hand, there is 
so far no reason against the idea of supposing the 
resemblance to have originated suddenly except what 
to most minds will probably appear its inherent im- 
probability. 

There are writers on these questions of mimicry 
who adopt a view more or less intermediate between 
those just discussed. They regard the resemblance as 
having arisen in the first place as a sport of some 
magnitude on the part of the mimic, rendering it 
sujfifiiciently like the model to cause some confusion 
between the two, A rough-hewn resemblance is first 
brought about by a process of mutation. Natural 
selection is in this way given something to work on, 
and forthwith proceeds to polish up the resemblance 
until it becomes exceedingly close. Natural selection 
does not originate the likeness, but, as soon as a rough 
one has made its appearance, it comes into operation 
and works it up through intermediate stages into the 
finished portrait. It still plays some part in the 
formation of a mimetic resemblance though its role is 
now restricted to the putting on of the finishing touches. 
Those who take this view hold also that the continued 
action of natural selection is necessary in order to keep 
the likeness up to the mark. They suppose that if 
selection ceases the likeness gradually deteriorates 
owing to the coming into operation of a mysterious 
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process called regression. Tins kim involves eertain 
conceptions as to the nature of variation wliicdi 
shall discuss later. 

Though it is difficult to rt^gard Bateriaii tiiiiiitery 
as produced by the accumulation of Mimll %“ariii.tioiw 
through natural selection, it is iM'rhfi|m rut lirr more 
^plausible to suppose that such a may ljii|i|if*n 

in connection with the numemus Instances (d .Itlilllrrifiii 
mimiciy. For since the end result is to 

the advantage of both s|)fKues instoatl of Ijut it 
is possible to argue that the ptimiim would Ih» win- 
pMed by thek meeting one another halfway, iw MOller* 
himself originally sugge^tiai, Variatioiw on tlie part 
of each in the direction of the other winild Ire fiivouriibly 
selected, the mimicry being reciprocal 

Difficulties, however, begin to arimi when wi* inf|inrp 
into the way in which tins unification of |mtli*ni nniy 
be conceived of as Imving come about* lly no one 
have these difficulties been more forcibly pp^sinitiscl 
than by Marsliall^ in an able publWiiMi a few 

years ago, and perhap the l>e8t way of ap|*ri^dating 
them is to take a hypothetical case used by Itiiii aa 
an illustration. 

Let us suppose that in the same artm live two tH|«aIIy 
distasteful species A and B, ©aoh with a eorwpicitiotta 
though distinct warning imttani, and each mcriicing 
1000 individuals yearly to the education of young 

1 An En|^i«h tafamlaUon of MttUer'i paptr it bf 

Proc. Bnt, 800 ., 1870, p. xx, 

* Tram. XSr4. Soa. Imd., 1008, p. 08. 
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birds. Further let it be supposed that .4 is a common 
species of which there are 100,000 individuals in the 
given area, while B is much rarer, and is represented by 
6000. The toll exacted by young birds falls relatively 
more lightly upon A than upon B, for A loses only 
1 %, whereas R’s loss is 20 %. Clearly if some members 
of B varied so that they could be mistaken for A it 
would be greatly to their advantage, since they would 
pass from a population in which the destruction by 
young birds was 20 % to one in which it would now be 
rather less than 1 %. Moreover, as the proportion of 
B resembling A gradually increased owing to this advan- 
tage, the losses suffered by those exhibiting the original 
B pattern would be relatively heavier and heavier until 
the form was ultimately eliminated. In other words, 
it is theoretically conceivable that of two distasteful 
species with different patterns the rarer could be 
brought to resemble the more abundant. 

We may consider now what would happen in the 
converse case in which the more numerous species 
exhibited a variation owing to which it was confused 
with the rarer. Suppose that of the 100,000 individuals 
of A 10,000 shewed a variation which led to their beiag 
mistaken for B, so that there are 90,000 of the A 
pattern and 15,000 of the B pattern of which 10,000 
belong to species A, A will now lose 1000 out of the 

90.000 having the A pattern, and | x 1000 out of the 

10.000 of species A which exhibit the B pattern. The 
toil of the birds will be of those keeping the original 
A pattern, and ^ of those of species A which have 
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assumed the B pattern. The mortality amoiiK tlie 
mimetic members of A is six timea a« gitmt m atitciiig 
those which retain the tyfx? form. It is clear tl»Tefi.»re 
that a variation of A which can t>e mistakeri for /I is 
at a groat disadvantage as comparctl with the ty|:Mi 
formh and consequently it must be supfKiinMl thaf, tlie 
Mullerian factor, as the destruction due to ex|i«'ri- 
mental tasting by young birds ia t^Tinad, Cfinnrjt liring 
about a resemblance on the part of a iiMire mmumnm 
to a less numerous species. Further, as Marslmll 
on to shew, there can be no appr(m<?b of sficcics to 
the other when the numbers are apprcjxiiniitcly ci|imi 
A condition essential for the c*stabii«hing of n miriictie 
resemblance on Mtlllerian lines, no lei« than on liatci- 
sian, is that the less numerous ijfXKues should take on 
the pattern of the more numeroun. (3oriaef{tientiy the 
argument brought forward in the earlier |«irt of thin 
chapter against the establishing of such a likcfnijwi by 
a long series of slight variations is ct|UttIly valid for 
Mtlllerian mimicry^. 

Provided of oourao that thi'^ iypti form mntmim m tli» tvmimkf. 
If the vadaticm oocurred dmulfcm'ttKiuidy in tlwwi SW % «f d ite 
advantage would naturally bo with tlw* variation. 

* It k poiribl© to im«^no m ©sooptional tuiWkolf 

that It would ooour. 8up|>oie for oxiwnplo that tiwo wofp » inttwlw 
of distast^ul aptoloi, aay SC, all of diffoiwit ijaitwi*, and 
that in all of thwa a partimilar variation oc^jwinri »lf«tili#iR«riti»ly i 
then if the total (Viewing that variation from among th« Mi ^imim mim 
greater than the nunabw of any on® of the all «f tip* gfi MfmMfim 

would com© bo take on the form of bh© now vartathiii. In tlife way it- k 
imaginable that tb© new would padually «»pilf all if» oW «#»*«. 


CHAPTER VII 


THE CASE OF PAPILIO POLYTBS 

Many instances of mimicry are known to-day, but 
comparatively few of them have been studied in any 
detail. Yet a single carefully analysed case is worth 
diOJzens which are merely superficially recorded. In 
trying to arrive at some conception of the way in which 
the resemblance has come about we want to know the 
* nature and extent of the likeness in the living as well 
as in the dead; the relative abundance of model and 
mimic ; what are likely enemies and whether they could 
be supposed to select in the way required, whether the 
model is distasteful to them; whether intermediate 
forms occur among the mimics ; how the various forms 
behave when bred together, etc., etc. Probably the 
form that from these many points of view has, up to 
the present, been studied with most care is that of the 
Swallow-tail, Papilio polytea. It is a common butterfly 
throughout the greater part of India and Ceylon, and 
closely allied forms, probably to be reckoned in the 
same species, reach eastwards through China as far as 
Hongkong. P. polytes is one of those species which 
exhibit polymorphism in the female sex. Three dis- 
tinct forms of female are known, of which one is like the 
male, while the other two are very different. Indeed 
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for many years they war© rogarckd m clktiiiai 
and given definite Bj>ecifi© names. To Wallaea iM'loiigi 
the credit of showing that tliei© tlirw forma of foiriiil© 
are all to be regarded m wivc?a of the mtna tvjHi of 
male^. He shewed that thari'^ wan^. no iimlas eorwi- 
sponding to two of the fernalaa; abo that tlie aaiiic* one 
male form was always to bo fowncl wlioro%'or any of the 
females occurred. As the result of bw^fiittg ex|»f*ri- 
ments in more recent yeara Wallaeob rtmrbisioiM have 
been shewn to be |)©rfectly sound. 

The male of palykn (PI. V, fig, 1) is a liiinikcinie 
blackish insect with a wing OKpaniit» of filwnii four 
inches. With the e?tco|)tion of some yidltiwkh-wdiitii 
spots along their outer margin the fon? wings lift* eitltmly 
dark. Similar spots occur along the margiii of the liiiiil 
wing also, while across tfte middle runs a »ries of six 
yellowish-whit© patehem prmlucing the ft|>|ieiiraiiet» of 
a broad light band. The thorax and alMlomen an* full 
black, though the black of the hemd is rtdteviid by ii few 
lighter yellowish soal^. Tlio umler Is ititteli 

like the upper, the chief difference Wng a mmm of 
small and slightly reddish hmulct rtinfiing cmtaitle tli© 
light band near the margin of the hind wing (PL ¥, 
fig. 1 a). In some specimens this®© markings tin* aliii«t 
absent, One form of fomal© m alrncwfc exactly like 
the male (PL V, fig. 2), the on© slight differtsricti lieiiig 
that th© lunules on the under surface of tlia liiiicl wing 
are generally a tdfl© larger. For brevity «h© ttiay 
be called the M form. The second of femalte 
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differs in many respects from the male and the M 
female. Instead of being quite dark, the fore wings are 
marked by darker ribbed lines on a lighter ground^ 
(PI. V, fig. 3). The hind wings shew several marked 
differences from those of the male. Of the series of 
six patches forming the cross band the outermost 
has nearly disappeared, and the innermost has become 
smaller and reddish. The middle four, on the other 
hand, have become deeper, reaching up towards the 
insertion of the wing, and are pure white. A series 
of red lunules occurs on the upper stirface outside the 
white band, and the yellowish-white marginal markings 
tend to become red. These differences are equally 
well marked on the under surface (PI. V, fig. 3 a). 
The colour of the body, however, remains as in the 
male. Prom the resemblance shewn by this form to 
another species of SwaUow-tail, Papilio aristolochiae 
(PL V, fig. 5), we shall speak of it as the A form. 

The third form of female is again very distinct 
from the other two. The fore wings are dark but are 
broken by an irregular white band running across the 
middle (PI. V, fig. 4), and there is also an irregular 
white patch nearer the tips of the wing. The hind 
wings, on the other hand, are characterised by having 
only red markings. The yellowish-white band of the 
male is much reduced and is entirely red, while the red 
lunules are much larger than in the A form. The under 
surface (PI. V, fig. 4 a) corresponds closely with the 

^ These darker ribs are also present in the male and M female but 
are obscured owing to the generally deeper colour. 
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upper* The body renmiiia blae-k m in all tlif* other 
forma. This tyjK? of feiimlo a rewitihlfiiieo to 

Papilio heSor (PI V, fig* 6), and for tlml.- nmmm we 
shall speak of it as the // fonii. It »hoiilfl Im:' acldwl 
that those throe forms of female are qinte Irirli*! itignwfi- 
able in the larval and ohrysalis stiiges. 

It was Wallaoe who fiwt offeri»cl an ex|ilaiiiitiofi of 
this interesting case in tennii of mifiilery. Arecirdiiig 
to this mter|)r6tatiDn P. polptm is a piilatablp foriti. 
The larva, which feeds on citrormcimtw aiMl the 

chrysalis are both inconspicuous in their imliiral 
surroundings. They may be ro^nknl as protiw'tivoly 
coloured, and oonsequontly edible and lialih* !« fier- 
seoution. The original coloraticm is that of the ttialt 
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The suggestion of mimicry in this case is supported 
by the fact that there is a general correspondenoa 
between the areas of distribution of model and mimic. 
P. hector is not found outside India and Ceylon, and 
the H female of P. polytes is also confined to this area. 
P. aristolochiae, on the other hand, has a much wider 
range, almost as wide indeed as that of P. polytes 
itself. Generally speaking the A female accompanies 
P. aristolochiae wherever the latter species is found. 
Beyond the range of P. aristolochiae, in northern China, 
the M female alone is said to occur. On the other 
hand, as the matter comes to be more closely studied 
exceptions are beginning to turn up. The H female, 
for instance, is found on the lower slopes of the Hima- 
layas, far north of the range of P. hect&r, and there 
are indications that a careful study of the distribution 
in China and Japan may prove of importance. 

Moreover, the investigation of a smaller area may 
also bring to light points of dijfficulty. In Ceylon, for 
example, P. polytes is common up to several thousand 
feet, while P. hector is rare at half the height to which 
polytes ascends. Nevertheless the H form of female is 
relatively just as abundant up-country where hector 
is rarely found as it is low down where hector is plenti- 
ful^. On the other hand, P, aristolochiae may be exceed- 
ingly abundant at altitudes where hector is scarce. Yet 
the A form of polytes is no more relatively abundant 

^ Spolia Zeylanica, 1910. 
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here than elsewhere on the iHlancl, All over 
in fact, the relative proportions of the forms of 

female appear to be the same, cittite immimeUvt* of the 
abundance or scarcity of either of the modek. A% 
however, we shall have to return to this fwiint later, 
we may leave it for the moment to eorwkler other 
features of this case of P* ■poi.tjkn. 

In coUections of insects from India or t*<^yl«ri if i« 
not unusual to find specimens of the A form of fenmle 
of poliftea placed with P. armidocMm.^ and tin* // form 
[vith P, hector. When the ini^cts tdd and ffitiwl 
md pinned out on cork the mistake m a very natiiml 
Dne. But after all the enemies of pdgtm do not Imtit 
it in corked cabinets, and any estimation of itwmtilunc© 
to be of use to us must be based ti|xm the living htm*ct«. 
Are the resemblances of the mimics to the motlels when 
alive so close that they might ba ex|>e<iUMl to de<?i*iv© 
such enemies^ as prey upon them and Imve no difttciilty 
in distinguishing the male form of polpkn from P. arm- 
tolochiae or P. "^tof ? 

To answer for a bird is a hamrdoiis undertaking. 
We know so little of the bird’s |)©rc€i|itive fac«lli« 
whether of taste or sight. But on general grounds, 
from the speoialkation of their visual ap|«mtii#, it 
is probable that the sense of sight k kfien, though 
whether the colour sense is the name m our own k 
ioubtM^, On the other hand, the olfactory apimratas 


* We shall teice it for U 
JoiDaiory, birds ar© ^ ttmhi. 
» See later, p, 119, 
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is relatively poorly developed in birds, and from this 
we can only argue that the senses of smeU and taste 
are not especially acute. Really we can do little more 
than to describe how these mimetio resemblances 
appear to our own senses, and to infer that they do not 
appear very different to the bird. If there is any 
difference in keenness of perception we shall probably 
not be far wrong in presuming that the advantage 
rests with the bird. After aU if there is any truth in 
the theory of mimicry the bird has to depend largely 
upon its keenness of sight in making its living, at 
any rate if that living is to be a palatable one. If 
natural selection can bring about these close resem- 
blances among butterflies it must certainly be supposed 
to be capable of bringing the bird’s powers of vision to 
a high pitch of excellence. 

Returning now to the case of P, folytea, there is 
not the least doubt that to the ordinary man accustomed 
to use his eyes the A form of female is easily distinguish- 
able from P. aristolochiae, as also is the H form from 
P. hector. The two models have a feature in common 
in which they both differ from their respective mimics. 
In both of them the body and head are largely of a 
brilliant scarlet, whereas neither of the mimics has a 
touch of red on the body. In the living insect when 
the body is swelled by its natural juices the effect is 
very striking^. It gives at once a “dangerous” look 

* Tho speoimons figured on PI. V were dried in papers when taken. 
The body is consequently much compressed and the oharaoteristio 
scarlet of P. hector and P. aristolochiae is largely hidden. 

p. M. 
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to the insect when settlwl, even iit m rlwliitiea cif 
yards, and this althowgh one may Iw- |^*rfi'etly fiiiiiilMf 
with its harmless natuni* The fiiiititrii on the citlier 
hand with their somlmveolcinre^i lifKlim rnn'er look 
otherwise than the inofferwii^e fmmtimm thmt they »m 
The '‘dangerous” l«)k due to the lirilliiiiit warlet of 
the body and head «>f hmim aiui mrislmk^kmf in wv 
inforced by the quality of l.he red cm tin* iiiarkitii» &i 
the winga In both modek it m a stroiig rlfiiwirotM 
red suggestive of a |>owerfui aniline dyi\ wlwrmA utieli 
red as ocours in the mimte» i« a iimi totmlly 

distinct colour, Tlie differen« in t|iiiillly m even iiiiiri 
marked, on the under than on the ii|i|«»r ait rf nee f I»|, \\ 
figs. 6a), and the net rtwiilt k that when mitllixi, 
with wings either esc jmitth^d or elo«^i, t here m ini |if-m»i» 
bility of an ordinarily otorvant man iiniitakiitg ntirnie 
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heavy and lumbering np-and-down flight. One gets 
the impression that aU the wing surface is being used 
instead of principally the fore wings as appears in 
P. hector and P. aristolochiae. The difference is dijfiQoult 
to put into words, but owing to these peculiarities of 
flight the eye has no difficulty in distinguishing between 
model and mimic eyen at a distance of 40 to 50 yards. 
Moreover, colour need not enter into the matter at aU. 
It is even easier to distinguish model from mimic when 
flying against a bright background, as for instance when 
the insect is between the observer and a sunlit sky, 
than it is to do so by reflected light. I have myself 
spent many days in doing little else but chasing polytes 
at Trincomalee where it was flying in company with 
P. hector y but I was never once lured into chasing the 
model in mistake for the mimic. My experience was 
that whether at rest or flying the species are perfectly 
distinct, and I find it difficult to imagine that a bird 
whose living depended in part upon its ability to dis- 
criminate between the different forms would be likely 
to be misled. Certainly it would not be if its powers 
of discrimination were equal to those of an ordinary 
civilised man. If the bird were unable to distinguish 
between say the A form of female and P. aristolochiae 
I think that it would be stiU less likely to distinguish 
between the same A form and the male or the M form 
of female. Eor my experience was that at a little 
distance one could easily confuse the A form of 
polytes with the male. Except when one was quite 
close the red on the A form was apt to be lost, the 

6—2 
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white markings on the hinci wing were renciily eonfnwcl 
with those of the male, and one had to clefietid entirely 
on the lighter fore wing, llnkni the bird wert* ktmn&t 
sighted than the man the A fanii woiilcl be inon^ likely 
to be taken in mistake for its wnpmtiHd-ini relative timn 
avoided for its resemblance U> the pnmiiiiftbly un- 
palatable model On the other hand, if tlie liircl were 
sufficiently keen sighted never to confnm* tlie A feiiiiile 
with the male form its sight wotdd Im» too kwui to Im 
imposed upon by such rtistunblanee as exist* hetwmui 
the A female and P, armtohcMm. 

These, however, art.^ not the only priikmm of the 
theory of mimicry which the study of this forciM 

upon us. Papilio polyim is one of the few iiiiiiietic 
species that lurs been bred, and in no other ciiiii* of 
polymorphism is the relation bidwi^m the different 
forms so clearly understood For tins n»siilt we are 
indebted mainly to the careftil ex|a?riinenti of Mr .1. (1 F. 
Fryer, who recently devoted the bf«t |».rt of two ymrs 
to breeding the different foniw of thk butterfly in 
Ceylonh Fryer came to to© eoncluiion that an 
planation of this curious ©as© is pc«ibkf on ordlnaiy 
MendeUan lines. At first sight toe brf*«ling 
appear complicated, for any on© of the Ihrt^i ffir»« of 
female oa^ behave in several different ways. For the 
sake of simplicity we may for the moment claw together 
the A and E females as the mimetio females, too non- 
mimetio being represented by the M or male-like femaiim 
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The different kinds of families which each of the three 
females can produce may be tabulated as follows i— 

(a) The M form may give either: — 

(1) M only. 

(2) M and mimetios in about equal numbers. 

(3) Mimetios only. 

(^) The A form may give either: — 

(1) M and mimetios in about equal numbers. 

(2) M and mimetios in the ratio of about 1 : 3. 

(3) Mimetios only. 

(y) The H form may give either: — 

(1) M and mimetios in about equal numbers. 

(2) M and mimetios in the ratio of about 1 : 3. 

(3) Mimetios only. 

The males are in all oases alike to look at but it must 
nevertheless be supposed that they differ in their 
transmitting powers. In fact the evidence ail points 
to there being three different kinds of male correspond- 
ing to the three different kinds of female. But they 
cannot shew any difference outwardly because there 
is always present in the male a factor which inhibits 
the production of the mimetic pattern even though the 
factor for that pattern be present. 

Returning now to the records of the females it 
will be noticed that although the M form may breed 
true the mimetics never give the M form alone. Where 
they give the M form among their progeny they produce 
mimetics and non-mimetics either in the ratio 1 : 1 
or of 3 : 1. This at once suggests that the non- 
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mimotie is recessive to t-he mhiiefle form*- tliat the 
mimetica contain a factor which cloi^« not oc'cnir in the 
non-mimetica If this fiu^tor* which ifiiiy In* nillcfi .1% 
be added to the const itnf ion of a noii-mitiiefic fciiiii.le 
it turns it into a niiinetic. If X Im» adflftl to ii niale 
such an individuah thotigh incapable of ilM'lf exliitiitliig 
the mimetic pattern owing to tlie iiiliihitcirj factor 
always prt^sent in that sex, lM^‘oriU'« eapnhle of traim- 
mitting the mimetic factor to tin oflsfiring. K.x|irtw*fl 
in the usual Mendelian way the form tike for thews 
different butterflies are as follows*. 

M ^ « ii / » jrx ■ ,| f 1 1 

Mimotiol _ f iiXX < iiXX ,1 i2f 

^ \-aru‘*irrfr i liXx ■■■ j| 

where X stands for tlie mimetic factor and / for this 
factor which inhibits the action of X* All males are 
heterozygous for /, but during the »gn^gatloii of 
characters at some stage in this formation of ih© 
families only the male-producing sperms conic to coitiaiii 
the factor L It is lacking in all the femalc-prodticing 
spems formed by the male, 

^ (1) does not contain the factor for the ifititiclio 
condition and gives only daughters of the Mf form w lien 
mated with m M9» tf (2) on the other hand I* homo* 
zygous for the factor JT, and oonsef|ucntly all of hii 
gem ceUa contain it. This it the mal© tliiit 
nothing but mimetic daughters with whatever form of 
female he is bred, df (3) ii heterozygoiii for X ; tlial is 
to say, one half of his germ celli contain it, the other 
haH not. With the M9 h© must j^vo ©qua! numtew 
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of offspring with and without X, ix. half of his daughters 
will be mimetic and the other half non-mimetio. With 
a heterozygous mimetic female {iiXx)^ which is also 
producing germ cells with and without X in equal 
numbers, he may be expected to give the usual result, 
viz. dominants and reoessives in the ratio 3 : 1 j or 
in other words mimetic and non-mimetio females in 
the ratio 3:1. 

One of Fryer’s experiments may be given here in 
illustration of the nature of the evidence upon which 
the above hypothesis depends. 

H$(wild) H$(wild) 


T , I 1 

18^<J 10Af?9 26^^ 7M<?$ 26H$? 

1 /. 

X $ 

\ 



Families were reared from the two wild H females 
of whom nothing was known either as to ancestry or 
husband. The &st family contained 10 M and 7 H 
females. Hence the original wild mother was probably 
iiXx and had mated with a male of the constitution 


these two forms appeaml wiia fiot far from 3:1, 
Hence the wild female wa« |)rcilmlily iiXs aiicl tier 
husband liXx. If this were «o c»f the 26 n 

should receive the K. factor from both and 

consequently be liXX in const it iitiorL wa« 

almost certainly so in the case of the single itiale in 
this brood tested by mating with iin M feiimle from 
the other brood.. All of hk 12 danghterfi were of tli€» 
E form^ as should have \m^n this ciwif* linii Ids con- 
stitution been HXX, BupfKwing tins to be so* all liw 
irii 
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females contain in addition a factor which we may 
call r. The function of the Y factor is to carry the 
change made by the X factor a step further, and to 
turn the A form of female into the H form. F is a 
modifier of X, but unless X is present Y can produce 
no effect. All the different individuals which are to be 
found among P. polytes in Ceylon may be represented 
as follows : — 



ilf?? 1 



lixxYY 
lixxYy 
li XX yy 

liXxYY 

liXxYy 

iixxYY 
a XX Yy 
ii XX yy 

— 

iiXxYY 
iiXx Yy 

— 

a Xx yy 

liXX^^Y 

— 

UXXYY 

liXXYy 

— 

— 

nXXYy 

liXXyy 

1 — 

viXXyy 


In this way is offered a simple explanation in terms 
of three Mendelian factors which serves at once to 
explain the various resxxlts of the breeding experiments, 
and the fact that intermediates between the different 
forms of female are not found. 

The only other experiments comparable with these 
on P. poly tea are some made by Jacobsen on Papilio 
memnon in Java^. Here again there are three forms 
of female, one of which, laomedorij is something like the 
male, while the other two, agenor and achates, are 
quite distinct. Of these three achates, unlike the male 
and the other two females, is tailed, and resembles 

' Tijdachr. voor Entomologie, vol. 63, 1909. A more accessible 
aooouixt is given by de Meijere, Zeit. f. induht. Ahatamm. u. Vererbimgs- 
lehre, vol. 3, 1910. 
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the species Papilio cmn which hclongn t« flic nmm 
presumably distasteful group m P, arMmhktr, TIic«e 
experiments of Jacobmm’s are not r« coiiipipfe the 
series on P. pohjtes^ but 'Frofiwir da Matjrre and 
Mr lYycr have both |>ointed out. that they are imptthle 
of being interpreted on the same siinfde lines. 

Another instance of exf>erimental htwlirig invcihdrig 
polymorphism and mimicry in the ftnimle mm m timt 
of the African Papilio dardanm^ hut tli«* ciiw* in here 
complicated by the greater mirnher of female fornw 
(cf. pp. 30-33). The data, too, are far more seaiity 
than in the other two castes, l>wt> ho far m they go 
there is nothing to preclude an explannttoii laaiig 
eventually arrived at on aimilar lines h 

And now wo may consider brietiy the lamring of 
these experiments on the theory of minuery. Hirottgli* 
out the work no individuak intermtaliare Ind wiMui th© 
three well-marked forms of jmlptm were met with* 
There is no difference in app«»mnoe Imiwwm the heti^ro- 
zygous and the homozygous mimetic iniic^ta, whef hef 
they belong to the A or to the H form. The fiu'tor 
X, whether inherited from both parents, or from oiifi 
only, produce its full effect, and the same is alio 
true of the action of the factor F. Mow the mmt 
generally aoeepted hypothesis a« to the formaticiii of 
these mimetie resemblances sup'posas that they lm%^© 
been brought about through the gradual o|»imtion 
of natural selection accumulating slight vartaiiow. 


1 For ftutte infomatioa mm Fmiitott, Tmm, Smi. #«•.. lil», 
a<Qd various notea in jpw. Bm, Boc-t I^nd, i<i ilil» da,!*. 
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Professor Poulton, for example, a prominent exponent 
of this school, considers that the A form of female was 
first evolved gradually from the M form, and later on 
the H form came by degrees from the A form. If this 
be true we ought, by mingling the M germ plasm with 
the H germ plasm and by subsequently breeding from 
the insects produced, to get back our series of hypo- 
thetical intermediates, or at any rate some of them. 
We ought as it were to reverse the process by which 
the evolution of the different forms has taken place. 
But as is shewn by the experiment of Mr Fryer, which 
was quoted above, nothing of the sort happens. 

From experiments with cultivated plants such as 
primulas and sweet peas, we have learnt that this 
discontinuous form of inheritance which occurs in 
P. polytes is the regular thing. Moreover, we have 
plenty of historical evidence that the new character 
which behaves in this way is one that has arisen suddenly 
without the formation of intermediate steps. The 
dwarf Cupid” form of sweet pea, for instance, behaves 
in heredity towards the normal form as though the 
difference between them were a difference of a single 
factor. It is quite certain that the “ Cupid ” arose as 
a sudden sport from the normal without the inter- 
vention of anything in the way of intermediates. And 
there is every reason to suppose that the same is true 
for plenty of other characters involving colour and 
pattern as well as structure, both in the sweet pea, 
the primula, and other species. Since the forms of 
polytes female behave in breeding like the various 
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forms of sweet |>ea and primula tliew! i« every rc^iwon 
to suppose that they arme in the miiia way* thiit. ia to 
say, as sudden sports or miitationii and not by the 
gradual accumulation of slight diffcirenem 

But if we take this view* which i« mirt-airily mrwt 
consonant with the evidence before u«, we mtist awtign 
to natural selection a different rd!o from that which Is 
generally aacribed to it We cannot «up|M»e that 
natural selection baa pkycM,! any |»rt in the fnrmaiim 
of a mimetic likeness* The likeneiw t«rne>d tip ttucldenly 
as a sport quite independently of nAtiiral wdeciimnu 
But although natural selection may have hiwl riotliiiig 
to do with its production, it may neverthelewi have 
come into play in connection with the emmemdum of 
the new form. If the new form some advan- 

tage over the pre-escisting one from which It sprang, 
is it not conceivable that natural wdaeilon will come 
into operation to render it the predomlimnt form I 
To this question we shall try to find an answer in 
the next chapter. 


CHAPTER VIII 

THE CASE OF PAPILIO P0LYTE8 {cont.) 

It was suggested in the last chapter that if a new 
variation arose as a sport — as a sudden hereditary 
variation — and if that variation were, through resem- 
blance to a different and unpalatable species, to be more 
immune to the attacks of enemies than the normal 
form, it was conceivable that the newer mimetic sport 
would become established, and in time perhaps come 
to be the only form of the species. We may suppose, 
for example, that the A female of P. pol/ytea arose 
suddenly, and that owing to its likeness to the pre- 
sumably distasteful P. a/ristolochiae it became rapidly 
more numerous until in some localities it is the common- 
est or even the only form. However, before discussing 
the establishing of a mimetic form in this manner we 
must first deal with certain general results which may 
be expected to follow on a process of selection applied 
to members of a population presenting variations 
which are inherited on ordinary Mendelian lines. 

Let us suppose that we are dealing with the in- 
heritance of a character which depends upon the pre- 
sence of the genetic factor X ; and let us also suppose 
that the heterozygous form {Xx) is indistinguishable 


ago by Q, K Hardy, who sliawed that if fiiixt^l 
population comist of p XX indivkhmk, % Xx tn» 
dividuals and r zx individuals, the |m|juliiti«n will 
in stable equilibrium with regard to tl«i rtdative pro- 
portions of these three elaiiac^ m} long m Urn rquiittwi 
jpr « ^2 j[g satisfied^, 

Now let us sup|K)se that in pkee nf npifillty of 


iMAiiiLiiHiirii 


N ly H liMH I 


individuals which exhibit tiie doininant rharactor. It 
has been shewn by Mr Nortt>n that even if the mdeetlon 
exercised were slight the rc^sult in the md wcitdfi la- 
that the reoewve form would entmdy dkapfamr* 
The total time required for bringirig thk ahoui wotiM 

* S'mmae, July, imii. 
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depend upon two things, (1) the proportion of domi- 
nants existing in the population before the process of 
selection began, and (2) the intensity of the selection 
process itself. Suppose, for example, that we started 
with a population consisting of pure dominants, hetero- 
zygotes, and recessives in the ratio 1:4:4. Since 
these figures satisfy the equation pr = such a popu- 
lation mating at random within itself is in a state of 
stable equilibrium. Now let us suppose that the 
dominant form (including of course the heterozygotes) 
is endowed with a selection advantage over the re- 
cessives of 10%, or in other words that the relative 
proportion of the recessives who survive to breed is 
only 90% of the proportion of dominants that sur- 
vive^. It is clear that the proportion of dominants 
must gradually increase and that of the recessives 
diminish. 

At what rate will this change in the population take 
place? Mr Norton has worked this out (see App. I) 
and has shewn that at the end of 12 generations the 
proportions of pure dominants, heterozygotes, and re- 
cessives will be 1:2:1. The population will have 
reached another position of equilibrium, but the pro- 
portion of recessives from being four-ninths of the 

1 If for example there were 6000 dominants and 4000 recessives, 
and if only Ixalf of the population survives to mate, then wo should 
be left with 2600 dominants and 2000 recessives as parents of the next 
generation. But if there were also a 10 % selective disadvantage 
working against the recessives, their numbers would be further reduced 
from 2000 to 1800 and the proportion of dominants to recessives would 
be changed from 6 ; 4 to 26 : 18, 


laiii 






far as it consists of the supplanting of 
another, may be a very much more rapid 
has hitherto been suspected, for natural 




ordinary swiftness wh^e it is given establial 
tions with which to work. 


lation in which there are three cla 
the presence or absence of two 


vana- 


i8« depending u|Km 
factors, X and F, 
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exhibiting ordinary Mendelian inheritance. For the 
present we may consider one of these factors, X, which 
involves the proportion of mimetic to non-mimetic 
forms. It is generally agreed among observers who 
have studied this species that of the three forms of 
female the M form is distinctly the most commonj 
while of the other two the H form is rather more 
numerous than the A form. The two dominant 
mimetic forms taken together, however, are rather more 
numerous than the recessive M form. The most 
recent observer who studied this question, Mr Fryer, 
captured 155 specimens in the wild state as larvae. 
When reared 66 tinned out to be males, while of the 
females there were 49 of the two mimetic forms and 40 
of the M form, the ratio of dominants to recessives 
being closely 6 : 4^. Now as has already been pointed 
out the ratio 6:4 of dominants and recessives is 
characteristic of a population exhibiting simple Men- 
delian inheritance when in a state of stable equilibrium. 
The natural deduction from Mr Fryer’s figures is that 
with regard to the factor that differentiates the mimetic 
forms from the non-mimetic, the polytes population is, 
for the moment at any rate, in a position of stable 
equilibrium. This may mean one of two things. 
Either the population is definitely in a state of equi- 
librium which has lasted for a period of time in the past 

As these larvae wore for the most part found simply over a consider- 
able time it follows that they are the offspring of different females 
and represent the relative proportions of the three forms in the general 
population. 

P. M. 
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and may be expected to endure for a further period in 
the future, or else the population ih in a condition of 
gradual change as regards the numerical projK)rtion of 
mimetics and non-mimeties, progressing towards the 
elimination of the one or the otluw, the pnwmt state 
of equilibrium being merely traUHiiory and mmlmtal 
In this connection a few serajm of historic^al evidence 
are of interest. Of the various fcwms of /*. poltfim the 
A form of female was the first to be described in 175H, 
and not long after (1776) the FI form was regist'cred m 
a species under the name of Papilio Equm Tmjmnm 
romulus. Later on the female resembling the male 
found its way into the literature as Papilio fMmmon. 
From the fact that the mimetic forms were known befon^ 
the non-mimetic, it is unlikely that they can have Imm 
scarce a century and a half ago. As P, jmfylrn cer- 
tainly produces at least four brt>ods a ycmr in (ki^ylon 
this period of time represents something like 600 
generations in the life of the sja^cies, and wb have 
already seen that even if the mimetic forms ha%n but 
a 1 % advantage over the non-mimetio the pro|M)rtion 
of the latter would decrease from nearly equality 
down to but 1 in 40 in about 7(K) generations. 
Actually for P. polytes the decrease would not ki so 
marked because the male is non-mimetic. Owing to 
this peculiar feature the rapidity of change in the 
proportion of the different forms is redact to about 
one-half of what it would be if the mal« w©» also 
mimetic. Nevertheless the ohange from n»riy equality 
to about one non-mimetio in 40 would have token place 
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during the time P. poises has been known if a 2% 
selection advantage had operated during that period 
in favour of the mimetic. If there has been any 
appreciable selection going on during that time mi- 
metics must have been far rarer when the species was 
first discovered, but the fact that both the mimetic 
forms made their way into collections before the 
non-mimetio tells distinctly against this supposition. 
Nor is there any reason to suppose that the non-mimetic 
form has been dwindling in numbers relatively to the 
mimetics during the last half century. Moore^ in 1880 
records an earlier observation of Wade’s that ‘‘ These 
three butterflies are very common, especially those of 
the first form; the second being perhaps least so.” 
The first form alluded to is the M form, and the 
second is the A form, so that at the time Wade wrote 
the relative proportions of these three forms must 
have been very much what they are to-day. Even 
during half a century and with such a relatively weak 
selection rate as 2 % in favour of the mimetics, the 
proportion of non-mimetics should drop from about 
4 : 5 down to about 1 : 5. Therefore we must either 
infer that in respect of mimetic resemblances natural 
selection does not exist for P. polytes in Ceylon, or else 
we must suppose its force to be so slight that in half a 
century certainly, and perhaps in a century and a 
half, it can produce no efiect appreciable to the neces- 
sarily rough method of estimation employed. 

1 The Lepidoptera of Oeylon, 1880. 

7—2 
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It may, however, be argued that even an exceedingly 
low selection rate is able to bring about the elimination of 
one or other type provided that it acts for a sufficiently 
long time. This is perfectly true. A selective rate 
of -001% would reduce the projwrtion of reccssives 
to dominants from 4 : 5 down to 1 : 40 in the conree 
of about 1,400,000 generations where the mimetic 
resemblance is already established. iStich a form of 
selection entails the death of but one additional non* 
mimetic in 100,000 in each generation. If, however* 
the mimetic resemblance is not fully establisIuHl and 
the mimic bears only what 8Upi>orters of the mimicry 
theory term a “rough” resemblance to the model, it i« 
clear that it will have far less ohenco of being mistukmi 
for the model. Its advantage as comf)arf^d with tiio 
non-mimetio form will be very much less. Even 
supposing that the slight variations conoemc<l are in* 
herited, an intensity of selection which would pnaluce 
a certain change in 1,400,(KK) genemtions whert? a 
mimetic resemblance is already estabiishe<l must Im 
supposed to take an enormously greater time where 
an approach to a model has to take |)laee from a 
“rough” resemblance. 

From the data as to the relative pro|K)rtionii of the 
polymorphic females of P. during the jmit and 

at present, and from the behaviour of their different 
forms in breeding, the following comlmiom only can 
be drawn. Either natural seleotion, from th® poiint of 
view of mimicry, is non-existent for this t|>eci« in 
Ceylon, or else it is so dight m to he unable in half & 
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century to produce an appreciable diminution in the 
proportion of non-mimetio females. For even if the 
mimetic resemblance brings about but the survival of 
one additional protected form in 100 as compared with 
the unprotected, this means a marked diminution in 
the proportion of M females in 50 years — a diminution 
such as there are no grormds for supposing to have 
taken place. 

It has been argued that in populations exhibiting 
Mendelian heredity even a relatively low selection rate 
must bring about a rapid change in the constitution of 
a mixed population. Have we any grounds for sup- 
posing that populations of this sort can undergo such 
rapid changes? In oases where mimetic resemblances 
are involved we have no examples of the sort. But 
some interesting evidence as to the rate at which a 
population may change is to be gathered from the 
study of melanism in certain moths. It is well 
known that in some parts of England the common 
peppered moth, AmpMdasys hetularia has been almost 
entirely supplanted by the darker melanic form double- 
dayaria. It first made its appearance near Manchester 
in 1860, and from that centre has been gradually 
spreading over northern England, the Midlands, and 
the south-eastern counties. At Huddersfield, for 
instance, fifty years ago only the type form hetularia 
existed; to-day there is nothing but douhledayaria. 
In Lancashire and Cheshire the type is now rare. 
On the continent, too, there is the same story to 
be told. The melanic form first appeared in Rhenish 
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Prussia in 1888; to-day it is much more ahundaiif than 
the older tyi)C. There, too, it in spreading eashvitrcte 
and southwards to Thuringia, to Saxony, to Sili*sifi. 
What advantage this now dark form has f)ver fht* older 
one wo do not knowh Some advantagf*, however, it 
must have, otherwise it could hardly supplant hrhdarm 
in the way that it is doing. From our prtwnt Htaiid- 
point two things are of intercHt in the* ease of the 
peppered moth— the rapidity with wlncli fin* change 
in the nature of the population has taketj place, anri the 
fact that the two forms exhibit Mendeliim hf*rcdity, 
douhledayaria being dominant arid bHiduna na’cssive^. 
Moreover, mixed broods have been reanai from wild 
females of both sorts, and so far as is known the t wo 
forms breed freely together wliere tiiey (ar-cxist. This 
case of the pepjrerod moth shew's how swiftly a change 
may come over a species^. It is not at all impnihnbk 
that the establishing of a new variety at the ex|a^niie 
of an older one in a relatively short, space of time is 
continually going on, esia^cially in tropical lands wltert^ 

Frorn tho 6 }C|H^i 0 n 64 ) of ifc wowki 

form is samowhAfc hardier, at twiy in mptivity. 

8 Intermediates may al»o ooour in »ori» itmitw {ef. Joiirfwl 

ofCfmetic$, vol. 3, no, 4, 1914). 

* An mtereitmg oawo of a wmikw natiin* h«« Kjcamtly 
by Hasebrosk (XH's XJrmdmu, 1913, p. 10^0). A nwlanio form of thm 
moth, OymMophom or, auddenly app«tt,rf!d nmr Hambtirg in lifil. 
This new form, to whioh the narra* uUriwffmmm wm mpkUy 
the predom^aat one. In 1911^1912 ovm 90 % of tlw wiitl» rmiwi 
from catopillaw taken in tlie open were of the athingmsiM foriti i ««*f 
were any intermediafcoi found between it md tb« typiem! forw, mam 
^©riments wwe mad© whioh show that ti» amrnrnmii ftmm 
behaves as a dominmt to tb© original type forro. 
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the conditions appear to be more favourable to exuber- 
ance of variation and where generations succeed one 
another in more rapid succession. At present, however, 
we are without data. A form reported by an old col- 
lector as common is now rare ; a variety once regarded 
as a great prize is now easily to be found. Such to-day 
is the sort of information available. For the solution 
of our problem it is, of course, useless. The develop- 
ment of Mendelian studies has given us a method, 
rough perhaps but the best yet found, of testing for 
the presence, and of measuring the intensity, of natural 
selection. Much could be learned if some common 
form were chosen for investigation in which, as in 
P. polytes, there are both mimetic and non-mimetio 
forms. Large numbers should be caught at stated 
intervals, large enough to give trustworthy data as to 
the proportions of the different forms, mimetic or non- 
mimetio, that occurred in the population. Such a 
census of a polymorphic species, if done thoroughly, 
and done over a series of years at regular intervals, 
might be expected to give us the necessary data for 
deciding whether the relative proportion of the different 
forms was changing — ^whether there were definite 
grounds for supposing natural selection to be at work, 
and if so what was the rate at which it brought the 
change about. 



CHAPTER IX 

THE ENEMIES OF BtJTTEEmES 

The theory of mimicry demanck that huttcrfliM 
should have enemies^ and further that tho»e enemies 
should exercise a certain discrimination In their attacks. 
They must be sufficiently observant to notiee the 
difference between the mimetic and the non-mi tmdie 
form; they must bo sufficiently unobservant to confuse 
the mimetic form with the unpalatable model. And, 
of course, they must have enough mmse of ta«te to 
dislike the unpalatable and to appreciate the |>aiatabie 
varieties. What these enemies are and whether they 
can be supposed to play the part reeptirod of them wa 
may now go on to consider. 

Butterflies are destroyed in the imago state princi- 
pally by three groups of enemies— predaceous irweeta, 
lizards, and birds. It is known that monkeys also 
devour butterflies to some extent, but such damage 
as they inflict is almost certainly small in com|mri«c>ii 
with that brought about by the tliree group already 
mentioned. In view of the very different nature of 
these groups it will be convenient to consider thiim 
separately. 


: 
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I. Predaceom Insects. Butterflies are known to 
be preyed upon by other insects of different orders, 
and a considerable number of observations have 
recently been gathered together from various sources 
and put on record by Professor Poultonh These 
observations shew that butterflies may be devoured by 
mantids, dragon-flies, and blood-sucking flies of the 
families Empiidae and AsiHdae. For mantids the 
records are scanty, but they have been observed to 
kill presumably distasteful forms as often as those 
which are considered palatable. An interesting set 
of experiments was made by G. A. K. Marshall on 
captive mantids in Africa Of the eleven individuals 
representing several species with which he experi- 
mented, some ate every butterfly offered, including the 
distasteful Banaines and Acraeines. Others, however, 
shewed some distaste of the Acraeines and would not 
devour them so freely as butterflies of other species. 
There are no grounds, however, for supposing that the 
mantids had any appreciation of the warning color- 
ation of the Acraeines. Whether completely eaten or 
not the Acraeines were apparently sufSciently damaged 
to prevent their taking any further part in the pro- 
pagation of their species. Warning coloration is not 
of much service to its possessor who has to be tasted 
and partially eaten before being eventually rejected. 
Even if some mantids shew distaste of certain unpalat- 
able butterflies, that distaste is probably seldom 

^ Trans. Bnt. Soc. Lond. 1907. 

* Trcms. Bnt. Soc. Lond. 1902. 
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exercised with a gentlenesB Hufficient to fhaf the 

butterfly reaps the reward of its diwigreeahh* iifitnra. 
And unless, of course, tlie butR'rfly is allcmi'cl to do m 
the enemy can play no part in tin* procluefioa or 
maintenance of a mimetic reHemhlance. 

What is true for mantids is probably also true* fur 
the other groups of predaceous iusecis. Dragon-flies 
and wasps have been recorded m iitfacking I lit' dis- 
tasteful as well as butterflies of tniprot<*ct«'d grfni|w. 
Among the most serious encuiues of hutterfliei4 must 
probably be reckoned the blood-Hueking Asilids, 'Thiw* 
powerful and ferocioim flies butterflies f»ii fiit* miiig 
with their strong claws and plunge their proboseln into 
the thorax. Apparently they injwt some swift poison, 
for the butterfly is instantly paralysi^fl, »«r is there miy 
sign of struggle. The Asilid flies tdf with its vietini, 
sucking the juices as it goes. There can bc^ no rimibt 
in the mind of any one who Ims 'watelu^i them» erimt iiitw 
hawking butterflies that their natural gifts are such m 
to enable them to exercise diserirnhiation in their foral. 
Most insect life is at their mercy but they ap|a*ar to 
exercise no choice, seizing and devouring the first 
flying thing that comes within easy rtwdi. Fertainly 
as regards butterflies palatebility or the rf»ver«e 
no diflerenoe, and they are known te feed indifK'rifiiin- 
ately both upon the evil-flavourM and u|Min the gOfKi 
Taking it aH together the evidence h such that we cafi« 
not suppose predaceous insecte to pay any attention to 
warning colours, and, therefore, w© cannot regard titerii m 
playing anypart in connection with mimetic rtmmtbkiim 


# 
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II. Lizards, In those parts of the world where 
lizards of larger size are abundant there is plenty of 
evidence that certain species are very destructive to 
butterfly life. As might be expected this is especially 
true of forms which are either arboreal or semi-arboreal 
in habit. Among the reptiles of Ceylon, for example, 
are several species of the genus Calotes, of which two, 
C, ojphiomachus and C. versicolor, are particularly abun- 
dant. In appearance and habits they are not unlike 
chameleons though far more active in their movements. 
Like chameleons, too, they are able to change colour, 
and the fact that they can assume a brilliant scarlet 
hue about the head and neck has probably led to their 
popular name of “blood-suckers.” It is not impossible 
that the assumption of this scarlet coloration may 
serve as a lure to bring insects within range. These 
lizards have often been observed to seize and devour 
butterflies. Moreover, it is a common thing to find 
butterflies with a large semi-circular patch bitten out 
of the hind wings, and there is little doubt but 
that such injuries have been inflicted by lizards. 
There is, however, no evidence to suggest that they 
exercise any discrimination in their choice of the 
butterflies which they attack. This is borne out by 
their behaviour towards various species offered to 
them, both when at hberty and when caged. In an 
ingenious series of experiments Col. Manders brought 
various butterflies within reach of a Calotes by the 
help of- a fishing-rod and a long line of fine silk, by this 
means simulating natural conditions as far as possible. 
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He found that the lizards ate the so-called distasteful 
forms such as Danais chrysippus, Euploea core, Acraea 
violae, and Fapilio hector, as readily as the presumably 
more palatable forms^. In captivity, too, they will 
take any butterfly as readily as another. Experiments 
by Finn^ and by the writer® proved that they ate 
Danaids, Euploeas, and Papilio aristolochiae without 
any hesitation so long as the insects were alive and 
moving. When, too, a mixture of different species, 
some with and some without warning coloration, was. 
given to them aU were eaten, nor was there any dis- 
crimination evidenced in the order in which they were 
taken. The Hzard simply took the first that came 
within reach and went on until the whole lot was 
devoured, wings and all. 

Some experiments by Mss Pritchett on the American 
lizard Sceleporus floridanus point to the same con- 
clusion^. She found that it took without hesitation 
any butterfly offered to it including the presumably 
distasteful models Danais archippus and Papilio phil- 
enor (cf. pp. 45 and 49). On the other hand, another 
species of lizard with which Miss Pritchett experimented, 
Gerrhonotus infernalis, refused aU the butterflies offered 
to it, though it fed freely on Orthopterous insects as 
well as on spiders and scorpions. 

It seems clear from these various observations and 

^ Proc. Zool. Soc. 1911. 

* Journ. Roy. Asiat. Soc. Bengal, vol. 66, 1897. 

® Spolia Zeylanica, 1910. 

* Biological Bvlletin, vol. 5, 1903. 
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experiments that certain lizards devour butterflies 
freely, hut that they do not exercise any discrimination 
in the species which they attack. AU are caught and 
devoured indiscriminately, so that in spite of the fact 
that such lizards are among the most serious enemies 
of butterflies we cannot suppose them to play any part 
in establishing a mimetic resemblance. 

III. Birds. The relations which exist between 
butterflies and their bird enemies have for many years 
been the subject of keen discussion. It is generally 
recognised that if mimetic resemblances become estab- 
lished through the agency of discriminating enemies 
those enemies must be birds. Hence those interested 
in the question of mimicry have for some years past 
turned their attention to birds more than to the other 
enemies of butterflies. That many birds systemati- 
cally feed on butterflies is a fact that does not admit 
of doubt. It is true that, as Mr Marshall points out 
in the valuable paper in which he has summarised the 
evidence^, nbservations of birds eating butterflies are 
relatively scanty. Though, as he points out, this is 
equally true for other groups of insects besides butter- 
flies, bird attacks on butterflies, owing to the con- 
spicuous nature of the victim, are much more likely to 
attract attention than attacks on other groups. We 
are still without much information as to the extent to 
which birds destroy butterflies and as to whether they 
shew any decided preference for certain species over 
others. A careful examination of the contents of the 

^ Trans. Ent. Soc. Lond. 1909. 


no THE ENEMIES OF BUTTERFLIES [c'il 

stomachs of largo numborfi of insoctivorous hirdn in a 
tropical area would go some way towards deciding the 
matter, but at present such information is laeking. 
We have to rely upon the existing C)l)8ervationH cd birds 
attacking butterflies in the wild state, and upon eertnin 
feeding experiments made witli (‘.aptivt^ birds. 

Observations on birds attaoking bntterflif*H wlmre 
mimetic forms occur have been made almost (udirely 
in certain parts of Africa, in India, and in ( Vylom For 
Africa, Marshall has collected some forty-six olmer- 
vations of which almost half are eoneerruHl wit b 
Pierines. The remainder include four instama^s of 
attacks on species of Acram^ a gentts wbif*b on the 
mimicry theory must be regarded as among the moat 
unpalatable of butterflies. 

The records from the Indo-Malayan regicm (prin- 
cipally India and Ceylon) are somewhat more numemwH 
and here again more than one-third of thc*m nder to 
Pierines. Among the otiiers are records of the dis- 
tasteful forms Euplom core^ K, rafflemi, Acmm 
and Papilio hector being taken and devourtHh 

There is one interesting iWKjrd which mmnm to 
suggest that Swinhoe’s B(Hi-Eatc*r (MeliUtrphagttM 
hoei) may exercise that discrimirmtioii in the butterflicfi 
it attacks which is demanded on the mimicry theory. 
Lt.-Col. Bingham on one occasion in Biirrim noticed 
this species hawking butterflies. He im^ords that they 
took PapiUo mthonim, P. mrpedm, (Jkamxm 
Cyre^ia thyodamaa, and Teriaa hemim., and probably also 
species of the genera FHoneria^ Hdbmwm (PieritiwL 
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Junonia and Precis (Vanessids). And lie goes on to 
say; “I also particularly noticed that the birds never 
went for a Danais or Euploea, or for Papilio macareus 
and P. xenocles, which are mimics of Danais, though 
two or three species of Danais, four or five of Euploea, 
and the two above-mentioned mimicking Papilios 
simply swarmed along the whole road^.” 

Marshall also quotes a case of attack by a green 
bee-eater on a Danais in which the butterfly was caught 
and subsequently rejected, after which it flew away. 
Little stress, however, can be laid upon this case in 
view of the more recent data brought together by 
CoL Manders and Mr Fryer. Discussing the attacks 
of birds on butterflies in Southern India and Ceylon, 
CoL Manders gives the following quotation^ from a 
letter of Mr T. N. Hearsy, Indian Forest Service : 

“ Coimbatore, 6. 6. 10. . . . I have frequently seen 
the common green bee-eater {Merops mridis) and the 
king-crow (Buchanga atra) take butterflies on the wing, 
the butt^ies being Gatopailia pyrantJie, G. florella, 
T&riaa hecabe and PapiUo demoleua. The bee-eater 
I have also seen taking Danada chryaippua and Danais 
aeptmtrionia, and I remember to have been struck 

with their taste for those latter ” 

Col. Manders also brings forward evidence for these 
Danaids and Euploeas being eaten by Drongos and by 
the paradise flycatcher. Still more recently an inter- 
esting contribution to the matter has been made by 

^ Trans, Bnt, 8oc. Land. 1902. 

* Trans. Ent, 800. Land. 1911. 
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Mr J. C. F. Fryer The Ashy Wood-swallow {Artmmm 
fuscus) had been recorded on two occasions as having 
attacked Euploea core. Mr Fryer was fortunate in 
coming across this bird in the gardens at Peradeniya, 
near Kandy, at a time when Kuploeu mrc and Datmin 
septentrionis were particularlyabiindant, and lie watcdic'cl 
a number of them systematically hawking them pre- 
sumably unpalatable species. As Ih« obm*rveH, '‘in 
Ceylon a resemblance to the genera DmmM and Eu pi item. 
is doubtfuUy of value; in fact in the neighbonrhtwid of 
Wood-swaUows it is a distinct danger/' Fryer ako 
noted that the mimetic forms of F, poltjim were faken m 
well as the non-mimetic* 

For tropical Central and South America, that other 
great region where mimetic forms are numerous, tlu^n? 
are unfortunately hardly any ro(?ords of butt<‘rtlies 
attacked by birds. Bates stated that the Idf?nrum wt*rt? 
much persecuted by birds, and Ins statement is con- 
firmed by Flahnel, but exiict observations for this 
region are remarkably scanty. Balt observcKl a pair 
of birds bring butterflies and dragon-flies to tlieir 
young, and noticed that they brought no Heliconli to 
the nest although these swarmed in the neigh bourhcMKU. 
On the other hand, Mr W. Soliaus^, from an ex|Miriance 
of many years spent in the forests of (kmtml Amt?rica, 
considers that the butterili^ of this region are hardly, 
if ever, attacked by birds, 

‘ Proc. Zool Bqc, 1018. 

* A NaturiMn in Niamtgm, 1874, p. 81 i. 

* I*' OonffT. ^Mntonwl&g-is, Bnutxiall«, i®| I, 
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For North America Marshall records over 80 cases 
of birds attacking butterflies. Among them is an 
interesting record of a bird seizing and rejecting a 
specimen of Anoaia plexippus (=Danais archippus)^ one 
of the few Danaines found in this region. 

It must be admitted that the data at present 
available with regard to the attacks of birds upon 
butterflies under natural conditions are too meagre to 
allow of our coming to definite conclusions on the 
points at issue. It is safe to say that a number of species 
of birds have been known to attack butterflies — ^that a 
few out of the number feed upon butterflies system- 
atically— that some of the most persistent bird enemies 
devour the presumably protected forms as freely as 
the unprotected— but that in a few instances there is 
some reason for supposing that the bird discriminates. 
Beyond this it is unsafe to go at present. 

In attempting to come to a decision as to the part 
played by birds in the destruction of butterflies an 
evident desideratum is a knowledge of the contents of 
the stomachs of freshly killed birds. Unfortunately 
few systematic observations of this nature exist. 
G. L. Bates^, when collecting in the Southern Came- 
roons, noted the stomach contents of a considerable 
number of birds. The remains of beetles were re- 
cognised in 213 oases : Orthoptera in 177 : ants in 57 
(mostly in stomachs of birds of the genus Dendromus) : 
other Hymenoptera in 8: coccids in 32: bugs in 19: 
white ants in 31 : slugs and snails in 24 : spiders in 85 

1 Ibis, 1911. 
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(mostly in Sunbirtk) t millipcxic* in 20 ; Init in no wngle 
instance were the remains of biitferfliw foniici More 
recently Bates’ account hfin heiui eriticiwtl hy Swyriner- 
ton^ who comments on the ciifliciilty of identifying 
butterfly remains as c?omfMi.it»d witb of bf*tdi« 

and grasshoppcra. He slates that tlii' |"«*llet« 
by captive birds after a meal of bwtterflic^s mnijun only 
fine debris which is very diflicult to identify. Fur! her* 
he found that of twenty small bird excreta c*olleet<*fl in 
the forest no less than eighteen eontiiinwl «i*iiles find 
small wing fragments of Ia^pidopt4*rfi. 

Some attention haa bwti imhl to the relafioii be- 
tween birds and buttorflies in the. Uiiiletl Htiiles. and 
under the auspices of the Department of Agriettltiiro 
a large number of birds’ stomiwdis biive bi^*n irn'tsiti* 
gated. Careful examination of some iCI.tKMi stomiudw 
of birds shot in their natural halntats n^«wlt«^l ifi the 
discovery of butterfly remains in but four. It eaniiot, 
therefore, be supfjosed that birds play tmmh fmrt in 
connection with such mimetic rammibktices fw a.re 
found in North America (of. pp. 4A-49). Neverthekm 
it is known that on occsilon large numbers of butter- 
flies may be destroyed by birds. An inteitisting 
is described by BryanU^ of an outbnmk in North 
Califomia of Bugmia califomwM, a clo»e rtdiith^© of 
the tortokeshelL The butterfly was so abuiidsnt as to 
be a plague, and five speoiin of birds took advantage 
of its great abundance to prey largely upon it. From 

* itof, 101B. 

* Th& Gond&r, vol. 13, IfiU, pp. lii-m 


IX] THE ENEMIES OF BUTTERFLIES 115 

his examination of the stomachs Bryant came to the 
conclusion that some 30 % of the food of these five 
species was composed of this butterfly. The stomachs 
of many other species were examined without ever 
encountering butterfly remains. Nor did field obser- 
vations support the view that any species, other than 
the five specially noted, ever attacked these butterflies. 
The case is of interest in the present discussion as 
evidence that the identification of butterfly remains 
in the stomachs of birds is by no means so difficult as 
some observers suggest. 

Besides this evidence derived from observations 
upon birds in the wild state some data have been 
accumulated from the experimental feeding of birds 
in captivity. Of such experiments the most extensive 
are those of Finn^ in South India. He experimented 
with a number of species of insectivorous birds be- 
longing to different groups. Of these he found that 
some, among which may be mentioned the King-crow, 
Starling, and Liothrix^, objected to Danaines, PapiUo 
aristolochiae and Delias eucharis, a presumably dis- 
tasteful Pierine with bright red markings on the under 
surface of the hind wings (PI. II, fig. 1). In some cases 
the bird refused these forms altogether, while in others 
they were eaten in the absence of more palatable 
forms. The different species of birds often differed in 

1 J<mm. Aaiat. Soo. Bengal, vol. 64, 1896, and vol. 66, 1897. 

* Nevertheless a Liothrix is recorded as eating Danaia plexippua 
and a Buploea even though two male speetraens of the palatable 
Elymmaa imdMw’ia were in the cage. 
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their behaviour towards these three “nauseous'’ forms* 
The Hornbill, for example, refused the Danainea and 
P. aristolocUae absolutely, but ate Ddim midmrm. 
Some species again, notably the Bulbuls {Molpmks) 
and Mynahs, shewed little or no discriminatioii, but 
devoured the “protected” as readily as the “un- 
protected” forms. Finn also states that '' Pfipilio 
polytes was not very generally popul 
much preferred to its model, P* anM{okH*hiarP 

In many of Finn’s cxperimonta both model and 
mimic were given to the birds simultancDusIy so tliat 
they had a choice, and he says that “in wjveral m%mm 
1 saw the birds apparently deoeiv 
butterflies. The Common Babbler 


Nepheronia hippia^ and Liothrix by 


mimetic Papilio polUes, which, however, was auflieient 
to deceive the Bhimraj and King-crow. I doubt if 
any bird was impressed by the mimetic appearance of 
the female Elymnim undularia''' (cf* FI. IV, fig. B), 
Finn concluded from his experiments that on the whole 


and generally without signs of dislike. C^Tta 
is as well to be cautious in drawing concluMon 
exp< 

instance, according to Finn shewed 
for Danaines in captivity; yet Ma 

* A form closely rcsombliag P. mylmim % 
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species as feeding upon Danaines under natural con- 
ditions (cf. p. 111). 

A few further experiments with the birds of this 
region were carried out by Manders^ in Ceylon. The 
results are perhaps to be preferred to Finn’s, as the 
birds were at liberty. Manders found that the Brown 
Shrike (Laniua criatatus) would take butterflies which 
were pinned to a paling. In this way it made off with 
the mimetic females of Hypolimnaa holina and H, 
misippiMj as well as with Dariais chryaippua and 
Acraea violae which were successively offered . to it. 
Evidently this species had no repugnance to unpalat- 
able forms. Manders also found that a young Mynah 
allowed complete liberty in a large garden would eat 
sucli forms as Acram violae and Papilio hector. As the 
result of his experience Manders considers that the 
unpalatability of butterflies exhibiting warning color- 
ation has been assumed on insufficient data, and he is 
further mclined to doubt whether future investigations 
will reveal any marked preference in those birds which 
are mainly instrumental in the destruction of butter- 
flies. 

A few experiments on feeding birds with South 
African butterflies are recorded by Marshall. A young 
Kestrel {Gerchneia naurmnni) was fed from time to 
time with various species of butterflies. In most 
cases the butterflies offered were eaten even when they 
were species of Acraea, On the other hand Danais 
chryaippua was generally rejected after being partly 

1 Proo. Zool. Soc. Lond. 1911. 
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devoured. When first offered this unpalatable species 
was taken readily and it was only after it had been 
tasted that the bird rejected it. When offercxi on 
several subsequent occasions it was partly eaten each 
time, and the behaviour of the Kestrel did not suggest 
that it associated a disagreeable flavour even with this 




neia rupicoloidea) was also used for ex|M^rinient. 
first it would not take butterflies and at no tiiiu^ 
it shew any fondness for them. IndeiKi it m doul 
from the way in which they seem to have 8ha|K*^ 
the insects whether either of these Kestrek had had 


A Ground Hornbill with which 


after crushing it, 


bird operates as a selecting agent in cases of mirnicr>\ 
In an interesting paj)or published recently McAtee* 
discusses the value of feeding experiments with atiiiiiala 
in captivity as a means of indicating their preference 
for different articles of diet. After riwiawing the 
various evidence brought forward h© concludes that 
the food accepted or rejected by captive animak i« 
rexj little guide to its preference under natural con- 
ations. He points out tliat a bird in captivity not 
infrequently rejects what is known to form a main 
staple of its diet in nature, and that oommmlj it may 
eagerly accept something which, in the wild state, it 
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would have no opportunity of obtaining. Great cau- 
tion must, therefore, be exercised in the interpretation 
of feeding experiments made with birds in captivity. 

It appears to be generally assumed that colour 
perception in birds is similar to what it is among 
human beings, but some experiments made by Hess^ 
render it very doubtful whether this is really the case. 
In one of these experiments a row of cooked white 
grains of rice was illuminated by the whole series of 
spectral colours from violet to deep red. Hens which 
had been previously kept in the dark so that their 
eyes were adapted to light of low intensity were then 
allowed to feed on the spectral rice. The grains 
illuminated by green, yellow, and red were quickly 
taken, but the very dark red, the violet, and the blue 
were left, presumably because the birds were unable to 
perceive them. Again, when the birds were given a 
patch of rice grains of which half was feebly illuminated 
by red light and the other half more strongly by blue 
light, they took the red but left the blue. Previous 
experiment had shewn that with ordinary white light 
the birds always started on the best illuminated grains. 
It Seems reasonable to conclude, therefore, that in the 
red-blue experiment the feebly illuminated red grains 
were more visible than the far more strongly lighted 
blue ones. It might be objected that the birds had a 
prejudice against blue, but, as Hess points out, this is 
almost certainly not the case because they took grains 

1 0. Hess, Hcmdhitch der vergldchmden Ph/yaiologie (hera-usgegebon 
von H. Winterstein), Bd. 4, 1912, p. 663. 
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which were very strongly illnminatecl with blue. 
Results of a similar nature were also obtained from 
pigeons, and from a kestrel which was fed with pieces 
of meat lighted %vith different colours. 

On the whole these ©xpt^riments of Hcsh convey a 
the cot 

i from our own, more e«|>ecially 
where blue is concerned. Great caution i« mmlini in 
discussing instances of mimicry in their rc‘Iiition to 
the bird, for wo have no right to aHHume that the lard 
sees things as we do. On tho otlicr hand, it is a matter 
of much interest to find that in general blue plays 
relatively little part in cases of mimetic; rf*Ht'mI)lanc;(‘ 

mo com 

with either red, white, brown, or ytillow laung far morci 
common. 

It will probably be admitted by most people that 
the evidence, taken all together, is hanlly sufficient 
for ascribing to birds that part in the establishing of a 
mimetic likeness which is required on tiie theory of 
mimicry. That birds destroy butterflies in oorwiderable 
numbers is 
of the mo{ 
choice in th 
take what 

probably for this reason that th© Wood-swallow feeds 
chiefly on Euploein^ and Banainm (of, p. 112). It 
is probably for this reason also that such a largo pro- 
portion of the records of attaeks on butterflies under 
natural conditions refer to the Pierin«i; for owing to 
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their light colour it is probable that the “Whites’’ are 
more conspicuous and offer a better mark for a bird in 
pursuit than darker coloured species. 

Mammals. Apart from man it is clear that only 
such mammals as are of arboreal habits are likely to 
cause destruction among butterflies in the imago state. 
Apparently there are no records of any arboreal 
mammal, except monkeys, capturing butterflies in the 
wild state, nor is there much evidence available from 
feeding experiments. But such evidence as exists is 
of considerable interest. As the result of feeding 
butterflies of different sorts to an Indian Tree-shrew 
(Tupaia ferruginea) Finn^ found that it shewed a strong 
dislike to Danaids and to Papilio aristolochiae though 
it took readily Papilio demoleus, Neptia kamampa, and 
Catopsilia (a Pierine). It is fairly certain that if the 
Tree-shrew is an enemy of butterflies in the wild state 
it is a discriminating one. 

The other mammals with which experiments have 
been made are the common baboon, a monkey (Gerco- 
pithecm pygerythrus), and a mongoose {Herpeatea 
galera)—B^ll by Marshall® in South Africa. The mon- 
goose experiments were few and inoonolnsive, nor is 
this a matter of much moment as it is unlikely that this 
mammal is a serious enemy of butterflies. 

The monkey ate various forms of Precis (a Vanessid), 
after which it was given Acraea halaU. This distaste- 
ful form was “accepted without suspicion, but when 


^ Jowm. As. Soo. Bengal, vol. 66*, 1S98. 
* Trans. Ent. Soo. Lond, 1902, 
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the monlcey put it into his mouth, he at once took it 
out again and looked at it with the utmost surprise 
for some seconds, and then threw it away. He would 
have nothing to do with an Acram caMamna which I 
then offered himh” 

The experiments with the baboons were more ex- 
tensive. Two species of Acmm, luikili and axina, 
were recognised when first oflert^d and refuml im- 
tasted. Danais chryaippus, on the other hand, was 
tasted on being offered for the first time, and tlum 




and tasted each time before being rejected. Whf»n 
offered the fourth time it was rejected at sight. The 
baboon evidently learned to associate an unpleasant 
taste with the chryaippua pattern. At this stage it 
would have been interesting to have offered it some 
well-known mimic of chryaippua, such as tlie female 
of Hypolimnaa miaippm or the trophonim form of 
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that, as a factor in the establishing of a mimetic like- 
ness, a stronger case may be made out for the monkey 
than the bird. The monkey apparently eats butterflies 
readily^ : owing probably to a keener sense of smell it 
shews far less hesitation as to its likes and dislikes: 
its intelligence is such that one can easily imagine it 
exercising the necessary powers of discrimination ; 
in short it is the ideal enemy for which advocates of 
the mimicry theory have been searching — ^if only it 
could fly. As things are its butterfly captures must be 
made when the insect is at rest, probably near sunrise 
and sunset, and this leads to a diJBficulty. Most butter- 
flies rest with their wings closed. In many of the 
well-known oases of mimicry the pattern on the under 
surface of the mimic’s wings which would meet the 
monkey’s eye is quite different from that of its model. 
It is difficult in such oases to imagine the monkey 
operating as a factor in establishing a resemblance 
between the upper surfaces of the wings of the two 
unrelated species. On the other hand, some butterflies, 

1 In tMa connection may be quoted a letter from Capt. N. V. Neal 
near Lagos to Mr W. A. Lambom which was recently published in the 
Proce@<Mng9 of the JBIntomologioal Society. 

“You have asked me about monkeys eating butterflies. Thi,s is 
very common, as every native will tell you. I have seen it myself. 
The monkey runs along a path, sees some butterflies fluttering round 
some fllth, goes very quietly, and seizes one by the wings, puts the 
solid part (body) into his mouth, then pulls the wings off. The poor 
butterfly goes down like any oyster. . , . The dog-faced baboon and the 
large brown monkey with a very long tail, which seems to be the most 
common species in this colony, are great butterfly-eaters. The little 
spider -monkey also considers a butterfly a treat, and prefers one to 
la spider.” 
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(p. 27), where the most striking point about tlie re 
semblance is only to bo a|>preciatecl when the insec^t 
are at rest with their wings eloHiai In snc'h eases it ii 
conceivable that the monk<*y may play a part in tin 
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(p. 96) even a slight jwmoeution 
discrimination will in time bring 
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CHAPTER X 


MIMIOEY AND VARIATION 

It is clear from the last few chapters that the 
theory of mimicry in butterflies with its interpretation 
of the building up of these likenesses by means of 
natural selection in the form of predaceous birds and 
other foes is open to destructive criticism from several 
points of view. The evidence from mimicry rings 
makes it almost certain that in some cases the resem- 
blance must be founded on an initial variation of such 
magnitude that the mimic could straightway be con- 
fused with the model. Till the mimic can be mistaken 
for the model natmal selection plays no part. The 
evidence from breeding suggests strongly that in certain 
cases {e,g. Papilio polytes) the likeness arose in the 
form in which we know it to-day. In such cases there 
is no reason for supposing that natural selection has 
had anything to do with the formation of the finished 
mimic. Considerations of this nature may be said to 
have destroyed the view, current until quite recently, 
that in the formation of a mimetic resemblance the 
exclusive agent was natural selection. During the past 
few years it has come to be admitted by the staunchest 
upholders of the theory of mimicry that natural 
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selection would not come into j)lay until the would-be 
mimic was sufficiently like the model k) be confused 
with it under natural conditions^. The part now 
often attributed to natural selection is to put a polish 
on the resemblance and to keep it up to the mark by 
weeding out those which do not rtuich the rec|iiired 
standard. It is supposed that if natural selection 



^ Trans, Eni. Boc, Lmdon, 1914, 

® la the hobk^, with rar© txo©ptioi», the of tlm 

male is replaced by white, imd it h«m re^ivnd the mam 
The female of P, maomiita iJiio sheiro white ia pl»©# of tkm of 

the male. 




so great. The so-called transitional forms are little, 
if at all, worse off than those closely resembling the 
scarce models, and consequently have as good a chance 
of surviving as any of the typical mimetic forms. On 

^ Ci Poulton, E. B., Oongr. Int&rnat. d'BrUomol.t Bruxelles 1911. 
This proportion, is founded on several hundreds caught at random. 
Observers are agreed that Ps&udacram is both a warier insect and a 
stronger flyer than the vorio-us Planemos whioh it resembles. 
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the mainland, however, tho enemieH of Pm-udmmm 
are well acquainted with tho Plamma models wdiieh are 
here common, and diacriminata against individuals 
which are not close mimics of the Pliinenias, The 
result is that on the mainland transitional forms are 
scarcer than on the island. Natural mdection main- 
tains a high standard for tho mimetic likeness mi the 
mainland owing to the abundances of the mtHlel j but 
when the model is scarce the likeness ceamw to lie 
kept up to the mark strictly, and tends to liecome 
lost owing to the apjiearance of fresh viiriat iorw which 
are no longer weecled out. 

Here it should bo stated that tlie various Pmnid- 
acraeas form a population in which the different forinti 
mate freely with one another. In tho few brtMaling 
experiments that Dr Carpenter was able to make he 
found that obneura could produeai term, and that 
tirikerms was able to give ohnmra, the male in emdi case 
being, of course, unknown. Far too little work hm as 
yet been done on the genetics of these variouii fontw, 
and it would be rash to make ^um|ition« m to the 
nature of tho intermediate until the methml of ex|ieri- 
mental breeding has been more extensively amployed 
in analysing their constitution. Powibly it m not 
without rignificanoe that the abundance or scarcity of 
the obsewa form runs parallel with th© abundanmi or 
scarcity of the Intermediatea. It suggest# that the 
intermediates are heterozygous in Mim© factor for 
which the typical ohmura is homozygoua, and the 
fact that the intermediatM are more numerouB than 
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obscura is what is to be looked for in a population mating 
at random. This case of the polymorphic Pseudacraea 
eurytus is one of the greatest interest, but it would be 
hazardous to draw any far-reaching deductions from 
such facts as are known at present. When the genetics 
of the various typical forms and of the intermediates 
has been worked out it will be disappointing if it does 
not throw clear and important light on these problems 
of mimetic resemblance. 

As the result of modern experimental breeding 
work it is recognised that an intermediate form between 
two definite varieties may be so because it is hetero- 
zygous for a factor for which one variety is homozygous 
and which is lacking in the other — ^because it has 
received from only one parent what the two typical 
varieties receive from both parents or from neither. 
Its germ cells, however, are such as are produced by 
the two typical forms, and the intermediate cannot be 
regarded as a stage in the evolution of one variety from 
the other. In these oases of mimicry the existence of 
intermediate forms does not entail the deduction that 
they have played a part in the evolution of one pattern 
from another under the influence of a given model. 
It is quite possible that the new mimetic pattern 
appeared suddenly as a sport and that the intermediates 
arose when, the new form bred with that which was 
already in existence. But before we are acquainted 
with the genetic relationships between the various 
forms, both t5rpes and intermediates, speculation as to 
their origin must remain comparatively worthless. 

9 
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In this connection a few words on another source 
of variation may not be out of place. The |mttern« of 
butterflies are often very seiwitive to cliaiigeH in the 
conditions to which they are ex|>oiicd during later 
larval and pupal life). Many moths and bidterflies in 
temperate climates are d()ul>le l)rotaied, 1110 eggs laid 
by tho late summer brood hatch out, hibernate in the 
larval or pupal state, and emerge in thi! following 
spring. This spring brood produces the summer Ijrotid 
during the same year. In these ciihi'b it often hapiKuw 
that the two broo<ls differ in apiamrant^e from one 
another, a phenomenon to which the term “Keawmal 
Dimorphism ” has been appliwl. A well-markcf I instaiiee 
is that of tho little Euro|Kmn VfyiwHid, Armehnia 
levana. The so-called Imxina form which emergtfs in 
the spring is a small black and orangt^brown buttsorfly 
(PL VI, fig. 10). From the eggs laid by this Imiwl 
is produced another brood whie.h emerges later on in 
tho summer, and is, from its very diflt^rcuit apjamrance, 
distinguished as tho pwrm form (PL VI, fig. 0). 
It is very much darker than the spring form aiid ii 
characterised by white bands acn^s the wings, Th© 
eggs laid by the prorm form pve rise to the Immna 
form which omerges in the following spring. It lias 
been shewn by various workers, and more c»|aMiiaJly 
by the extensive experiments of Merrifteld*, that the 
appearance of the hmna or the pro-ma form frt»n any 
batch of eggs, whether laid by prorm or km'fm, is 
dependent upon the conditions of tempmtuKi under 

‘ €mgr, Bmxatlnii lilt. 
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which the later larval and early pupal stages are passed. 
By cooling appropriately at the right stage levana can 
be mad© to produce levana instead of the proraa which 
it normally produces under summer conditions. So 
also by appropriate warming proraa will give rise to 
proraa. Moreover, if the conditions are properly ad- 
justed an intermediate form porima can be produced, 
a form which occurs occasionally under natural con- 
ditions. The pattern is, in short, a function of the 
temperature to which certain earher sensitive stages 
in this species are submitted. What is true of A. levana 
is true also of a number of other species. In some 
oases temperature is the factor that induces the vari- 
ation. In other countries where the year is marked 
by wet and dry seasons instead of warm and cold ones 
moisture is the agent that brings about the change. 
In some of the South African butterflies of the genus 
Precis the seasonal change may be even more con- 
spicuous than in A, levana. In Precis octavia, for 
example, the ground colour of the wet season form is 
predominantly red, while in the dry season form of 
the same species the pattern is different, blue being 
the predominating colour (of. PI. VI, figs. 11 and 12). 
Such examples as these are sufficient to shew how 
sensitive many butterflies are to changes in the con- 
ditions of later larval and earfier pupal life. The 
variations brought about in this way are as a rule 
smaller than in the examples chosen, but in no case 
are they known to be inherited, and in no case conse- 
quently could variation of this nature play any part in 
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evolutionary change. Before any given variation can 
be claimed as a possible stage in the development 
of a mimetic likeness satisfactory evidence must be 
forthcoming that it is not of this nature, but that it 
is transmissible and independent of climatic and 
other conditions. 

Many species of butterflies, eapeoially such as are 
found over a wide range, exhibit minor varicdies which 
are characteristic of given localities. These minor 
varieties may be quite small In Dmain chrymppm^ 
for example, African and Asiatic sf)ecimcn8 can gener- 
ally be distinguished. On examplc-s from India a 
small spot is seen just below the bar on the fore wing 
and on the inner side of it. Eastwards towards Ohina 
this spot tends to become larger and confluent with 
the white bar, giving rise to an I^sha|Hai marking; 
westwards in Africa the spot tends to disapja^ar al- 
together. The existence of such local races has hmm 
used as an argument for the hereditaij transmission of 
very small variations— in the present instance the »im 
of a small white spot^. For if it can he supposed that 
small differences of this nature are always transmitted, 
it becomes less difficult to imagine that a mimetio 
resemblance has been brought about by a long scsrics 
of very small steps. But before this can be admitted 
it is necessary to shew by experiment that the uim 
of this spot is independent of environmental conditions, 
both olimatio and other. Apa^ from temperatul'e and 
moisture it is not improbable that the formation of 

» Cf. Poulton, B§dr&ek, Otst 1018, p, SCO. 
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pigment in the wings may depend in some degree upon 
the nature of the food. The larvae of jD. chrysippus 
feed upon various Asclepiads, and it is at any rate 
conceivable that the pigment formation, and con- 
sequently the details of pattern, may be in slight 
measure affected by the plant species upon which they 
have fed. The species of food plants are more likely 
to be different at the extremities of the range of a 
widely distributed form like D. chrysippus, and if they 
are really a factor in the pattern it is at the extremities 
that we should expect to find the most distinct forms 
Actually we do find this in D. chrysippus, though it 
does not, of course, follow that the cause suggested is 
the true one, or, if true, the only one. Of the nature 
of local races too little at present is known to enable 
us to lay down any generalization. We must first 
learn by experiment how far they remain constant 
when transported from their own environment and 
bred in the environment under which another distinct 
local race is living. The behaviour of the transported 
race under the altered conditions would help us in 
deciding whether any variation by which it is character- 
ised had a definite hereditary basis or was merely a 
fluctuation dependent upon something in the conditions 
under which it had grown up. The decision as to 
whether it is hereditary or not must depend upon the 


1 The size of the white spot may shew much variation, in specimens 
from the same region. I have seen African specimens in which it is 
large, while in the Ceylon specimen figured on Plate IV it is as small as 
in the typical African specimen shewn on Plate VXII. 
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test of breeding, through which alone we can hope to 
arrive at a satisfactory verdict uf)on any given mm. 

The particular geographical variation whic?h has 
just been considered happens to be a stnall one. But it 
may hai)pen that a geographical variety i« much mor© 
distinct. Indeed it is not impossible that butterflii* 
which are at present ranked m distinct spixuea may 
pr 
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fulvous brown ground, with two broken yellow ban 
towards the tip of the fore wing. The general tyfj© is 
well shewn by Mechanitw mUmoUa and the female of 
DiamorpMa praxime (PL ftgs. 7 and 3). Belonging 
to this pattern group are a number of different specie 
belonging to various familiw, including »veral Heli- 
conines and Ithomiines, Pierids such a* Dimnmphm 
and PerrhybriSf Nymphalines of the genera Ermia and 

^ So© Moulton, J. 0., Tmm. Ent. 8m* ItW* 
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ProtogoniuSy and other forms. In Eastern Brazil the 
predominant pattern is one characterised by a yellow 
band across the hind wing and a white or yellow apical 
fore wing marking (of. PL XV, figs. 3 and 8). Here 
also, with the exception of the Perrhyhris, all the 
varions genera which figured in the last group are again 
represented. It is true that the members of this 
second group are regarded as belonging to different 
species from those of the first group, but as species 
here are made by the systematist chiefly, if not entirely, 
on the colour pattern this fact may not mean much. 
Passing now to Ega on the Upper Amazons the general 
ground colour is a deep chestnut purple and the apical 
area of the fore wings presents a much mottled appear- 
ance (of. PI. XV, figs. 4 and 9). In this group again 
we find represented the different genera found in the 
other groups, the only notable absentees being JEresia 
and Perrhyhris, Lastly in Ecuador, Peru, and Bolivia 
the general pattern scheme consists of orange-tawny 
marMngs on a black ground (of. PL XV, figs. 5 and 10). 
This group differs somewhat in composition from the 
prece^ng in that it contains no Pierid and no Danaid. 
On the other hand its numbers have been strengthened 
by the accession of a Papilio, an Acraea, and two 
species of the Satyrid genus PedaUodes. Certain writers 
have seen in the theory of mimicry the only explanation 
of these peculiar geographical pattern groups. The 
fashion is in each case set by the most abundant form, 
generally an Ithomiine of the genus Melinaea, The rest 
are mimics of this dominant species, either in the 
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are no reasons for attributing disagreeable? pro|>(?rtie8. 
Of the nature of Mdiiorian rnimica on the other hand are 
the various HoliconinoB and Ithorniines whieh enter 
into the combination. In each case the whole luwimi* 
blage is a groat “mimicry ring,’’ of which the |mttem 
is dictated by the Ithorniino that predominates in |M)int 
of numbers. It is, however, very doubtful wdietlior 
this can bo accepted as a satisfactory explanation. The 
four groups which we Imve considered an^ all cjharacter- 
isod by a peculiar and distinctive colc^ration. and in 
each case the pattern must on tlie theory of mimiery 
bo regarded as a highly efficient warning f)att 4 *rn. One 



left without grounds for assuming the change to have 
been brought about by natural selectbn through the 
agency of enemies to whom warning coloura a|)|>aal. 
E’er natural selection can only bring about a chan^ 
that is beneficial to the speoies. Hence w© must 
suppose the change on the part of the dominant model 
to have been independent of natural ^leerion by 
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enemies, and due to some condition or set of conditions 
of which we are ignorant. It is not inconceivable 
that the new colour scheme was associated with some 
physiological peculiarity which was advantageous to 
the species in its altered surroundings. If so natural 
selection may have favoured the new variety, not 
because of its colour scheme, but owing to the under- 
lying physiological differences of which the pattern is 
but an outward sign. And if this could happen in one 
species there seems to be no reason why it should not 
happen in others. The weak point of the explanation 
on the mimicry hypothesis is that it offers no explana- 
tion of the change in the so-called dominant Ithomiine 
pattern as we pass from one region to another. What- 
ever the cause of this change may be there would 
appear to be nothing against it having also operated 
to produce similar changes in other unrelated species, 
in which case the mimicry hypothesis becomes super- 
fluous. It is not unlikely that the establishing of these 
new forms was due to natural selection. If they were 
associated with physiological peculiarities better adapted 
for their environment it is reasonable to suppose that 
natural selection wotild favour their persistence as 
opposed to the older type until the latter was elimi- 
nated. But such action on the part of natural selection 
is quite distinct from that postulated on the mimicry 
hypothesis. On the one view the colour itself is 
selected because it is of direct advantage to its possessor ; 
on the other view the colour pattern is associated with 
a certain physiological constitution which places the 
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butterflies possessing it at an advantage iw com|«r©d 

with the rest^ 

It is, nevertheless, possible that mlmieiy may Imve 
played some part in connection with establishing the 
new colour pattern in some of theae South Amf»riean 
species. For if the new pattern had t>econie estab- 
lished in the predominant distasteful speek'n, and if 
some of the members of a palatiible form {e.g. /¥rrfo- 
gonim) were to shew a variation similar to that already 
established in the distasteful s|>e<dcw, and if further 


vairiety of the Poppwed Moth mmwi hntity than th» tmm 

(of. p. 101). Tho iwiffc ipuco^ of fch© dark vftiriUity W m w^ifd 
it as botter protootad agoinat bird i*ierai«. It ia, btjwwtif, ttot iiiilikiiily 
that th© dotper pigTnentatiem is aipocjffttad with ww* phj(‘iiiol«*gie#il 
diffmrmos which makes for ^mtor hardme*. 8»o Bow»t«p, J&mmai 
<g Qemticd, vol. $, 1914. 





CHAPTER XI 


OONOLtrSION 

Prom the facts recorded in the preceding chapters 
it is clear that there are difficulties in the way of 
accepting the mimicry theory as an explanation of the 
remarkable resemblances which are often found between 
butterflies belonging to distinct groups. Of these 
difficulties two stand out beyond the rest, viz., the 
difficulty of fi.nding the agent that shall exercise the 
appropriate powers of discrimination, and the difficulty 
of fitting in the theoretical process involving the in- 
cessant accumulation of minute variations with what 
is at present known of the facts of heredity. 

With regard to the former of these two difficulties 
we have seen that the supporters of the theory regard 
birds as the main selective agent. At the outset we 
are met with the fact that relatively few birds have been 
observed to prey habitually on butterflies, while some 
at any rate of those that do so shew no discrimination 
between what should be theoretically pleasant to eat 
and what should not be pleasant. Even if birds are 
the postulated enemies it must be further shewn 
that they exercise the postulated discrimination. It 
is required of them that they should do two things. 
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In the first place they must confime tin incipient or 
“rough” mimic with a model stifficiently often to give 
it an advantage over tliom^ which have not varied in 
the direction of the model In rfilier word«, tliey imist 
bo easily taken in. He^eondly, they expe<ited to 
bring about those marvellotisly close retMunblances that 
somotimoH occur by confusing the exact mitnicking 
pattern with the model, while at the same time elimin- 
ating those which vary ever bo little from it. In other 
words, they must be ondowt^i with most rmiiarkahly 
acute powers of discrimination, ('learly mie efiiiriot 
ask the same enemy to play both parts. If, tln^refore, 
birds help to bring about the reseinhlaiiee we must 
suppose that it is done by diffcmuit »f>eeieH— -that there 
are some which do the rough work, others which do 
the smoothing, and others again whieli put on the final 
polish and keep it up to the mark. This is, of course, 
a possibility, but before it can be aceepioci as a pro- 
bability some evidence must be forthcoming in its 
favom. 

But even* if the difficulty of the appropriate enemy 
be passed over, and it be granted that a mimetic 
resemblance can be built up through a number of smaE 
separate steps, which have bTOome separately estab- 
lished through the agency of separate speci« of birds 
with various but distinct discriminating powew, we 
are left face to fao© with an even more serious physio- 
logical difficulty. For why is it that when tlie end 
form which is supposed to have jwulted from th» 
process is crossed back with the originid fonn aE 
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the intermediate steps do not reappear? Why is it 
that when the altered germplasm is mingled with the 
original germplasm the various postulated stages be- 
tween them are not reformed ? For in various cases 
where we know the course of evolution this does occur. 
The pale pink sweet-pea has come from the wild purple 
by a series of definite steps, and when it is crossed back 
with the wild form the resulting plants give the series 
of stages that have occurred in the evolution of the 
pink. So also when the orange rabbit is crossed with 
the wild grey form and the offspring are inbred there 
are reproduced the black, the tortoiseshell, and the 
chocolate, forms which are stages in the evolution of 
the orange from the wild grey. If then, to take an 
example, the “aristolochiae” form of Papilio polytes 
has been derived from the male-like form by a series 
of steps, why do we not get these steps reproduced 
after the germplasms of the two forms have been 
mingled? From the standpoint of modern genetic 
work the inference is that these postulated inter- 
mediate steps have never existed — ^that the one form 
of polytes female came directly from the other, and 
was not built up gradually through a series of stages 
by the selective agency of birds or any other dis- 
crimmating enemy. 

These two objections, viz. the difficulty of finding 
the appropriate enemy, and the non-appearance of 
intermediates when the extreme forms are crossed, 
may, perhaps, be said to constitute the main objections 
to the current theory of mimicry. Others such as 



become established through the agency of "natural 
selection. But it is difficult, if not impoimiblo, to regard 
this as a satisfactory solution, if for no other rcfiain than 
that it offers no explanation of polyniorphisiin For 
example, each of the three forms of jmlpim famale 
bolds its own and aJUl must, therefore, be regardiMi m 
equally well adapted to the ckcuinstanow under which 
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they live. They are so distinct in colour that it is 
difficult on tliis hypothesis to suppose that they are 
all on the same footing in respect to their environment. 
Yet if one is better off than the others, how is it that 
these still exist? 

Those who have examined long series of these 
cases of resemblance among butterflies find it hard to 
believe that there is not some connection between 
them apart from chmatic influence. One feels that 
they are too numerous and too striking to be all ex- 
plained away as mere coincidences engendered by like 
conditions. Nor is it improbable that natural selection 
in the form of the discriminating enemy may have 
played a part in connection with them, though a 
different one from that advocated on the current theory 
of mimicry. If we assume that sudden and readily 
appreciable variations of the nature of “sports” turn 
up from time to time, and if these variations happen to 
resemble a form protected by distastefulness so closely 
that the two can be confused by an enemy which has 
learned to avoid the latter, then there would appear 
to be good grounds for the naimicking sport becoming 
established as the type form of the species. For it 
has already been seen that a rare sport is not swamped 
by intercrossing with the normal form, but that on the 
contrary if it possess even a shght advantage, it must 
rapidly displace the form from which it sprang (cf. 
Chap. VIII). On this view natural selection in the form 
of the discriminating enemy will have played its part, 
but now with a difference. Instead of building up a 
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mimetic likeness bit by bit it will merely have con- 
served and rendered numerically preponderant a like- 
ness which had turned up quite independently. The 
function of natural selection in resja^ct of a mimetic 
likeness lies not in its formation but in ite conservation. 
It does not bring about the likeness^ neither does it 
accentuate it: it brings about tlie survival of those 
forms which happen to shew the likcuiess. Why vari- 
ations on the part of one species should l>ear a Htrong 



Danaines, while the true Fapilioa (of. Appendix 11) 
tend to resemble a series of the less conspicuous mam- 










region the various species of Elymnim form a iarii» 
resembling a series of Danaines. In Africa there stands 
out the Cosmodesmus group again mimicking a Danain© 
series, and in part also an Acraein© seriw. Over- 
lapping the Acraeines again are various forms of the 
Nymphaline genua Pamdacram. It is also of interest 
that in Danais chrydppua and Act am emedmi the 
Danaine and Aoraeine series overlap (cl PL IX). Similar 
phenomena occur also in South Amerioa, where closely 
parallel series of colour patterns are e:riubit^ by several 
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Ithomiines, by HeUconiuSf Lycorea, Dismorphia, and 
other genera (of. p. 39). On the other hand such mimetic 
resemblances as are shewn by the South American 
SwaUow'-tails of the Papilio and Cosmodesmus groups 
are almost all w'ith the Pharmacophagus group, and 
almost all of the red-black kind (cf. p. 43). 

On the whole it may be stated that the majority 
of oases of mimicry fall into one or other of such series 
as the above. If we select a case of mimicry at random 
we shall generally find that there are at least several 
close allies of the mimic resembling several close allies 
of the model. Isolated cases such as the resemblance 
between Pareronia and Danais (p. 23), between 
Archonias and a Pharmacophagus Papilio (p. 43), or 
the extraordinary instance of Papilio laglaizei and 
AlcicUs agathyrsns, must be regarded as exceptional. 

We have before us then a number of groups of 
butterflies each with a series of different colour patterns. 
In each group a portion of the series overlaps a portion 
of the series belonging to another more or less distantly 
related group. In the light of recent discoveries 
coimected with heredity and variation the natural 
interpretation to such a set of phenomena would be 
somewhat as follows : Each group of Lepidoptera, such 
as those just discussed, contains, spread out among 
its various members, a number of hereditary factors 
for the determination of colour pattern. Within the 
group differences of pattern depend upon the presence 
or absence of this or that factor, the variety of pattern 
being the result of the many possible permutations and 
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combinations of these colour factors. Within the 
limits of each group is found a definite number of these 
factors— more in one groui>, less in another. But some 
factors may bo common to two or more groups, in 
which case some of the permutations of the fimtors 
would be similar in the groups and would result in 




group, (a), contains the eight factors A—H 
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in number, so that the same assortment might not 
infrequently be brought together even though the 
group whose members exhibited the resemblance 
might, owing to structural differences, be placed in 
different families. 

We know from recent experimental work that 
something of the sort is to be found in the coat colours 
of different rodents. Agouti, black, chocolate, blue- 
agouti, blue, and fawn form a series of colours common 
to the rabbit, the mouse, and the guinea-pig. These 
colours are related to each other in the same way in 
these different beasts. In the rat, on the other hand, 
there occur of this range of colours only the agouti and 
the black. Each of these species again has certain 
colour patterns which are peculiar to itself, such as 
the “English” type in the rabbi1>, the tricolor pattern 
in the guinea-pig, or the “hooded” variety in the rat. 
The total range of colour and pattern is somewhat 
different for each species, but a few are common to 
them all. Moreover, there are others which are com- 
mon to the mouse and the rabbit but are not found 
in the guinea-pig, and others again which may occur 
in the rabbit and the guinea-pig but have not been 
met with in the other two. In certain features the 
rabbit might be said to “mimic” the mouse, and in 
other features the guinea-pig. It is not, of course, 
suggested that the case of the butterflies is so simple 
as that of the rodents, but so far as we can see at 
present there would seem to be no reason why the 
explanation should not be sought along the same lines. 

10-- 2 
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differences by which the eye distinguialiei them are 
dependent upon the minuter structural differenow such 
as occur in the scaling. Bo the eye would distinguish 
between a pattern printed in identical colours on a 
piece of cretonne and a piece of glassed oahTO. Though 
pattern and colour were the same tlie difference in 
material would yield a somewhat different affect. 

On the view suggested the oocumn^ of mimetio 
resemblances is the exprearion of the fact tihat colour 
pattern is dependent upon deffnit© hereditw^ fitctors 
of which the total number is by no means vay great. 
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As many of the factors are common to various groups 
of butteriBlies it is to be expected that certain of the 
colour patterns exhibited by one group should be 
paralleled by certain of those found in another group. 
That cases of resemblance should tend to run in parallel 
series in different groups is also to be expected, for 
in some groups the number of factors in common is 
hkely to be greater than in other groups. In con- 
sonance with this view is the fact that where poly- 
morphism occurs among the females of a mimicking 
species the models, though often widely different in 
appearance, are, as a rule, closely related. Some of 
the Asiatic Papilios, for instance, resemble Danaines, 
while others resemble Pharmacophagus Papilios. But 
although the polymorphism exhibited by the females of 
a given species may be very marked, we do not find 
one of them resembling a Danaine and another a 
Pharmacophagus Swallow-tail. The models of a poly- 
morphic mimio are almost always closely related 
species^. 

In discussing the problems of mimicry more atten- 
tion is naturally paid to groups which exhibit the 
phenomenon than to those which either do not do so, 
or else only do so to a very limited extent. Yet the 
latter may be of considerable interest. Among the 
Pieridae of the Old World the phenomenon of mimicry 
is very rare. Pareronia and Aporia agathon conform 

1 As examples may be mentioaed P. polytea, HypoUnmaa vuaippua, 
H. dubiiui, and Paeudacraea hohl&yi. With the exception of thoplcmemoidea 
form it is true also for P. da/rdcmua, the most polymorphic of them all. 
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closely to tlie common Dana id typc^ mprcftcntcd by 
Damis vulgaris and other Hpecdcn, but apri rt from then© 
none of the many PieridH in Asia rf*B.c'mble any of the 
recognised modela. Africa is ai>| iarcmtly deHtiiate of 
PicridB which mimic RpocioH b€'Inrj|^in^ to otlicT gronps. 
Yet no group of biittorllicK in inor<' laf^rnMUited by 
birds. Of all the instances of bird iittficks eollc^oted 
together by Marshall more than one-tliird ara instances 
of attacks upon this group alone. If birds are the 
agents by which mimetic liken cshc‘« arc Iniilt up t hmugh 




the rarity or absence of miiiietio PienndH in the Old 
World be accounte<l for? For tlie h| khucb of Pierids, 
like the species of other fatiiilieH, hIjcw ennBifk‘mblo 
variation, and if this pracoHS of fsidecitiori were really 
at work one would ex|)oet to find many mom Pierid 
mimics in these regions than aetually CK’cnir. It i» 
true that the white, yellow, and red plgaierds found 
in Piorids differ from those of other hwtterllies in Iwdng 
composed either of uric acid or of some suhstanca 
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in the Pierids as compared with other butterflies, there 
would seem to be no reason why the same factors 
governing the distribution of black should not be 
common to members of different groups. A distri- 
bution of black pigment similar to that found in a 
model and its mimic may occur also in a non-mimetic 
ally of the mimic. Dismorphia astynome, for example, 
resembles the Ithomiine Mechanitis lysimnia (PL XV, 
fig. 8) both in the distribution of black as well as 
of yellow and bright brown pigments. A similar 
distribution of the black pigment is also found in 
Dismorphia avonia, but the yeUow and bright brown 
of the other two species is here replaced with white. 
By a slight though definite alteration in chemical 
composition this white pigment could be changed into 
bright brown and yellow with the result that D. avonia 
would closely resemble D. astynome in its colour scheme 
and would in this way also become a mimic of Mecha- 
nitis lysimnia. Another good instance is that of the 
females of Perrhylris demophile and P. lorena, the 
former being black and white, whereas in the latter 
the white is replaced by yellow and bright brown, 
giving the insect a typical Ithomiine appearance^. 
Here again a definite small change in the composition 
of the pigment laid down in the scales would result in 
the establishing of a mimetic likeness where there would 
otherwise be not even a suggestion of it. It is in 
accordance with what we know to-day of variation 

1 Colotired representations of these two species will be foxind on 
PI. 20 of Seitz, Mac/rolepidoptera of the World, Fauna Americana. 




that such a change should apf)ear suddenly, 
from the start. And if so there is no difficult 
posing that it might be of some advantaj 
possessor through the rc^scmiblance to an un 
form. Even were the advantage Init a alig 
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others, working as it were upon a plastic organism, 
moulding it little by little to a more and more perfect 
adaptation to its surroundings. On this view adapta- 
tion is easy to understand. The simpHcity of the 
explanation is in itself attractive. But when the 
facts come to he examined critically it is evident that 
there are grave, if not insuperable, difficulties in the way 
of its acceptance. To outline some of these has been 
the object of the present essay. Though suggestions 
have been made as to the lines along which an ex- 
planation may eventually be sought it is not pre- 
tended that the evidence is yet strong enough to 
justify more than suggestions. Few cases of mimicry 
have as yet been studied in any detail, and imtil this 
has been done many of the points at issue must remain 
undecided. Nevertheless, the facts, so far as we at 
present know them, tell definitely against the views 
generally held as to the part played by natural selection 
in the process of evolution. 





figures in the left-hand column iridiftato dillcrtmt ptwiticniK of 
equilibrium in a population consisting of honur/.ygcnw dmni- 
nanta, heterozygous dominants* and nsjossives. The nntmintng 
columna indicate the number of generations in which a popu« 
lation will pMa from one position of equilibrium to another* 
under a given intensity of selootion. The intensity of selection 
is indicated by the fractions -yip, etc. Thus means 
that where the chances of the favourtHl new variety of surviving 
to produce offspring are 100, those of the older variety against 


rate in favour of the new form 


a couple of simple examples. 

In a population in equilibrium consisting of homozygous 
dominants, heterozygous dominants and rewjwivw the last 
named class comprises 2*S % of the total: assuming that a 
10 % selection rate now operates in its favour as opfMMiiMl to 
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Number of generations taken to pass from one position to aaiother as indicated 
m the percentages of different individuaJs in left-hand column 
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PLATE III 


ORIENTAL MOTHH AND m*TTEH FLIES 

Tho threij upm*r figures am tho«{* of motlw, iiin<I th<* thr«’ lower 
onm aro thoao of 

1, Alcidk Offathytims (Now tUiinoa) 

2, FapUio laglaizei ,, „ 

Thn moth is hortv auppoaod to aorva m a rnotlt*! for tho far ramr 
Papilio. 

3. Cyclosia hmtinwkk« 

4. Itkopitiii dao» 

Tho buttorily in vary oommon ajid rnunt In* mgartlwl tw tha rnwlpL 
iho rtu*or moth iw tho mimic. 

3. mpicop&ia polydtmt (Ammn) 

6. Papilio tiootm „ 

Both of 8 |hkuoh on* to ho rogardtKl m rrumic« of tiMJ ahtmtliwtifc 
Pharmaoophagtia Papilio, P. polgxmm, wliioh in vary liko P, bmHm in 
appoaronco. 
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ORIENTAL MOTHS AND BETTERFLIES 




PLATE V 


ORIENTAL BUITKEFLIKH 
L Papitio polytm i 

2, „ „ V» v«i.r* cifrm {M form) 

3, „ „ 9, viwr. ptdiftm {A fomt) 

4, M o V* v#r. r&tmUm {// Umn) 

6, „ atiiiatoohim 

6 . „ fmdm" 

Tho BpeKjtmottH fi^nsd on tluB plate w&m tekoa in Ciiybo whom 
they are all plentiful. 

Eigp-oB la-da r«im^»nfc the under wmimm of the hind win^ 
bolonpng to «{Hj<jitnena l-d. 






PLATE VII 

TEOPICAL AFRICAN BirrrKRFLIKH 

1. Plamma fmmri»ta ^ (AcrsMnnw*) 

1 „ H 9 

3. „ idlm »» 

4 . », jmragm •. 

5. „ »pitm M 

0. P»&udaciram htAiUryi ^ (Nymplmlinttfn) 

7. „ „ 9 

8. „ term „ 

9. Elytnnim phegm ^ (Baiyrinm*) 

10. Papilio o^nin (Pttpilionidiaw^) 

(Non!. . Pgeudamtm hahUyi iintl P. tmra (Ftp. A S) worn afc on® 
tlmo rogardod o« wtparato Moro mtontly tlwy hav® l«««i whown 

fco bcj forma of th© polymorphio ipoolw, Pmudwtom mrytm,) 










Phuc IX 


UdUdiH ch r>i»i]}jyus 


Acraea anccdon 


HypoUmnas misippus $ 
g. Typical form 
li. Alcippoides form 
i. Inaria form 

(After Aurivillius) 


Daira form 


PLATE X 


SOUTH AMEHK^AN HU'ITKHFLIKK 


1. Dimwrphia <TfJacm o 

2. ,, pmxinm (f 

3. „ 9 

4. Perrhplirig nmknka ^ 




fS (undt?f Kiirfiw?*^) 


7. MexhanitU miumta 

8 . VajuLia mgrmn 

0. Protayonim tithxmidm 
3 0. Tithfrnn pmutUmiftm 


(ItlumnintM*) 

(Nymj>Imlina«) 

(Uliarniintti*) 


(NoTte. Th«‘ flffun* of tim MerhaniUn (Fig. 7) m frt»m a mtbw 

worn fip(K’inK*ri. Tho (jUtUiiv of flu* omogo brown in Imttxr attown 3>y 
Uio HptHjitnrn illnutml^'d in Fig. 7 tin Flato XV.) 





SOUTH AMKIUCAN liUTTKRFUES 


L Hdimnim mdphwrm (Hnliwonlnaa) 


0. Hdicofiius Udsdph^ (HsUraolfiM) 
4 . Oolamin tdmiphs (Nymphii4i»«u 


10, Arc^imia^ 9 










MODEJ.S MIMICS 

1. Pajulio nephalion 4. Pajy'ilio lysithous var. lysithons 

2. ,, chamissonia 5. ,, ,, var. nirik 

3. 5 , perrliebus fj- ,•, »> var. pomponius 

(For further details of this case see Jordan, P'' Congr. Internat. 
d'Eniomologie, Bruxelles, 1911, p. 396.) 



4. Ilunailione, x90 6. Castnia sp., x(^0 

(nunainao) (Moth) 

MiorophotograpliB of tlio scales of various Lopidoptera in the S. American 
‘‘ Transparoncy group.” For explanation soo text, pp. 39-42. 









PLATE XVI 


NORTH AMKRIOAN BUITKRFLIKB 


I. FapUki phiUwr 
% „ trtdlm 

3. ArffpnniM ^icina 9 

4. Idimnilis artfmmw 


(BttpiHontdftis) 


Mipmmx 
archippm 
JhriHmms (m»grm} 


8. IMmm archippm 
0. „ bermice 


(Dftftainat?) 
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attacked by birds, 112 Jordan, 40 note 

Hardy, on conditions of equili- Junonia, 111 
brium in a mixed population, 

94 Lamua cHstatua, 117 

Hearsy, on birds eating butterflies, Limemtia albomaoukOa, 68; L. 

Ill <»r<Mp^, 49, 69, XVI. 6; 

B^omoia, 110 X. certhmda, 47, 49, XVI. 4; 

Heliooninae, as models for S. L. aatyanax, 47, XVI. S; X. 

American butterflies, 88 floridmaia (s=ero5), 49, XVI. 7 ; 

HeZicomw, 146; H. ewerate, XV. 8; L. proaerpina,^! 

H. melpomene, as mo del, 42, Lizards, as enemies of butterflies, 
43, XI. 6; H. mirus, XV. 1; 107 

H. pardal/imMs, XV. 4 ; B. Local varieties, in connection 
aplendena,']^. 5 ; B. sulphur ea, with mimicry, 132 

43 , XI. 1 ; H. telchinia, XV. 2 ; Lycaenidae, os mimios in Africa, 36 
H. teleaiphe, XI. 8 Lycorea, 146 

Berpestea galera, 121 

Hess, on colour perception in McAtoe, on feeding experiments 
birds, 119 with birds, 118 _ 

Hopkins, on pigment of Pierids, 160 Mammals, as enemies of butter- 

HypoZiwnas dw6iw, polymorphism flies, 121 _ 

in, 30; as mimio of Danaines, Manders, on feeding ex]penm6nte 
80, Vn. 8, 9 ; breeding experi- with lizards, 107 ; with birds, 
ments with, 80; var. nvima 117 


(mt'tnU'n of tiuUorfln*8, 107 ; on 
oxfKtrimont« with H. 
Afriwujt birdH, 117; with imm> 
koyft, 121; on hircl« nttnoking 
150 


o; m. iymmnut, loi, 

XV, 8; M. nwlh<fmt, XV. 10: 
iV/, mUumta, a« mmlol for 
tHmmrphki pmxmm, 57, 02; 
ttH mornbtw* of miiniory ring, 
134, XV. 7 


Mtihotut amfum, XU. 1, XIV. 1 
Migratory hinln, wigg««tod in- 
tlncmoo tin mimicry of, 63 
MinmfTcmtt 35 

MimetUo rttwemhlarmo, twt jnduowl 
t 


Mimto, octninying «amo station tw 


moclol, fifi f patttjm of in 
relfttiwn to ftlli®!, 57 
Mimiory, Wallaoo’i oonditioM of, 
50; Bat^wiaa, 0; MhlMan, 14 
Mimi&ey ringn, 60 ( in S. Amoritmn 
bnttorfllM, 134; aad natund 
»®lootloa, 136 

Mimiory tboory, dUMoulfcitw of, 130 
Monkem m m«niM of bnttarMt^, 
121 

Mothi, miroifflpy in, 27, 86 
MotHton, on S. Amerioan mirniory 
i4np, 184 
MWter, 14, 72 

Mfiherian mimi®ry, 53, '*57,^ 66; 
dlfflonJto of, 72 


N<*fU, on monkf 
btifctiTflitw, 1 
Nephemnia 

110 

Nepth imUnm, 


ivtirtn /vrnonean nutt^irrsioa, mimi- 
cry among, 45 

Norttm, tin rapidity of nhangog 
in mixixl twipnlationa through 
natural mdtiotioii, 04, Ann. I 


Ovorlanpmg in path^nia of dif 


temaitt of P, jmlytmt 13, 26, 
52, 77 ; of, 70; likom*ft8 

to F. pol 0 eMf HO; ohartioh^r- 
iitit* of, 81; flight of, 82; 
ofttwi by IkardM, 108; rojootod 


V. 5, 5 a: P. 24, 61 


li; F. ooo#^, 27 
m. ${ P: hrmm*, 20, VI. 4; 
P, 44, XEDf. B? 

P, dylta, 23. 26, 65, 1.7,8; 
P. mtm, 26, 80 ; P, qpwfia, 36, 
36, 16 5 P, dardanm, in* 

v^|:at<*d by Trimon, 14; 
mimlary in, 30; brooding ex- 
poriinimt® with, 00; poly- 
morohio fomw of in rolatlon to 
motlola, 140 noto; var. hum- 
bhti, 32; vfir, mwirntmt 82; 
9 oenm, 3 1 , VTH. 4 ; ? dimymst 
31, 33; 9 hipmeom, 31, 

Vin. 8; 9 nimiddm, 32, 33; 

f plafmmM4&, 31 ; 9 m^rm, 
3; $ triTnmi, 31, 32, S3; 
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$ trophoniuB, 31. 122. VIH. 
2; P. delesaerti, App. II; 
P. ’ demokus, 111, 121; P. 
@dherioid&8y App. 11; P. eri- 
tlwnma, 110; P. mUerpinust 
42, 43; P. glaucm, 46; var. 
Iwnm, 46 ; P. hakneU, 39 ; 
P. hector, model for female of 
P. polyim, 13, 62, 78; range 
of, 79; oharaoteristicsa of, 81 
flight of, 82 ; eaten by lizards, 
108 ; eaten by birds, 110, 117 ; 
V. 6, 6a ; P. hdppaaon.i App. II ; 
P. ktglauei, 2T, 124, m2; 
P. leonidas, 29, VI. 3; P. 
hfsithous, polymorphism in, 44 ; 
$ lyaitfioua, Xm. 4; $ rurik, 
Xm. 6 ; $ pomponius, Xm. 6 ; 
P. macareiM, 23, 111 ; P. mem- 
non, 26, 89; P. rmndax, 24, 
61, n. 9; P. nephalion, 44, 
Xra. 1; P. oayria, XI. 8, 9; 
P. pa/radoxm, 26; P. ^jaw- 
aa/ni aa, 48 , XI. 2 ; P. perrhehus, 
44, Xin. 8; P. pMlenor, as 
model, 46; taken by lizard, 
108; XVI. 1; P. polytes, poly- 
morphism in females of, 13, 
76 ; mimic of Pharrnacophagus 
Papilio, 26 ; habits of, 62, 124 ; 
often more abundant than 
models, 60 ; description of, 
76-78; relative abundance of 
models in Ceylon, 79 ; breeding 
experiments with, 84 ; equi- 
librium among females of in 
Ceylon, 96 ; relative abund- 
ance of three forms of female 
of in Ceylon, 97; historical 
notes on abundance of forms 
of female in Ceylon, 98 ; origin 
of forma of female in, 126, 141 ; 
relation of polymorphic forma 
to models in, 149 note; preyed 
on by Wood-Swallow, 112; 
feeding experiments with, 116 ; 
V. 1~4, 1 a-4 & ; P. polyxenus, 
27 ; P. rm, App. II ; P. nd- 
l&ycmua, 84, 86, VI. 6; P. 
garpedon, 110; P. koiVus, 46, 


XVI. 2; P. xmMckg, 23, 111, 
I, 4 ; P. zagrma, 48, X. 8 
Papilionidae, os mimics of Orien- 
tal models, 23-26; of African 
models, 29, 30, 36 ; of S. 
American models, 43 ; of N. 
American models, 45 
Parallel patterns, in different 
butterfly groups, 144 
Pareronia, 146, 149; P. ceylanioa, 
23, 69, 116 note, 1. 1, 2 
Pattern and physiological pro- 
perties, possible connection be- 
tween, 137 

Patterns, overlapping series of in 
different groups of butterflies, 
146 

Pedaliodes, 136 

Permte charops, 42, XI. 6, 7 

Pericopis, 39 

Perrhybria, as mimics of Itho- 
miinoa, coloration of male in 
P. medenka, 02; as members 
of mimicry rings, 134, 136; 
P. denwphile, 161; P. lorena, 
161 ; P. malmka, X. 4, 6, 6 
Pharmaoophagus Swallow-tails, 
characteristics of, 22, App. 11 ; 
as models for Oriental butter- 
flies, 26 ; absence of in Africa, 
36; as models in S. America, 
48 ; as models in N. America, 46 
PJmggura, 36 
Phyciodes, 88, 64 
Physiological properties, possible 
connection of with pattern, 137 
Pieridae, as models for Oriental 
butterflies, 28 ; mimicry in 
African, 36; mimicry in S. 
American, 43; frequency of 
bird attacks on, 1 50 
Ptemerm epam, 36, VH. 6; P. 
macarigta, sexual difference in, 
34, VH. 1, 2 ; mimicked by 
Elymmagph&gea, 36; byP^ewa- 
ac/ram ev/rylua, 126; P. pogg&i, 
as model for plcmemoideg fe- 
male of PapiUo dardamig, 81; 
P. pa/ragm, 126, VII. 4; P. 
teWua, 126. VH. 8 
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"Boimn - witt'PS, Pliarmaco- 

plmgiiH HwaUow4»ilH 
Folyrnorphwni, in of 

mimit'iking 13; Rinong 

ft'tniUoH of I*, dardanw. 30; 
itniong fcmnli'H of /*. jmhfSmt 76 
Popnlntion, cnmcUtiorm of 
librium in miswl, 03 
Poulton, 17; on N. Amorirwi 
ttiirnrlio b»lti»r{Uw, 45; on tho 
“Trarwimronoy grtrtip,*' 41 ; tm 
fuirnit'ry fhrtnigh ftg<‘«ry of 
migratory birtlw, 53 ; an Hifjm- 
limmm mwippM* WO nolo; ort 
tlwft ri*hWion numotin 

fornw of I*, ptdyim, 110; on 
prwbM^oiHiH 105; on 

rtiitttivo |m»|K)rti«n id diffortttjl 
forrtm of I*mndmTtmi mirptm, 
127; on kwal VKuriatioii in 
I), ehrymffpmt 132 
PmciMt 111, 122, 131; P. ort«w«, 
ditnorpltinm in, 131, 

VI. 11, IB 

Prwwrri#, 110; P. m(a, 18 
Pritobott, fiMHling osporirtumti* 
with lis’/irtlH, lOH 
Prot<'<'tiv«i rtwinl»hwtC'o, 8 
Pmti>gmiuiSt w niitthtw of Itho« 
miinoa, 3H ; m intnnlH*!^ of 
mimiory ring^, 134, 135, 138; 
J*, tithrrrmfhn, X. 9 
Pmwlttemm, 59, 144; P. 
dumli, 34, V% Bi P- 
r«4fttivi« pre»m»ftion of 
fomw in, 1 27 1 palymorphkm 
of in rolmtion to tntjdol, 149 
ijofcii ; VM*. hdfkyi m mimio of 
BUmmm fmmrkta, 35, 127, 

VII. 6,7; vftr. tmrm, «« mimio 
of Plamma tdlugf 12W, VII. 8 ; 
vai*. (^mtm m mimio of Fte» 
nmm pm'Offmt 126 


Rny, on iwlapttttion, 4, 6 
Iiodnni«, bottring {>n mimiory of 
gi*n«‘tio work wflli, 147 

Batyrintto, traiwjmnnioy in S. 

Amorican, 42 
Brtlf-fmrm flarkianuM, lQ8 
H(4how, rm birria m onorntiw of 
hnttorflioa, 112 
Hfajtcmiil ciifrMirfihwm, 139 
44, 62, fiH 
Hholfoni, 55 m»to 
H. Amoruuui buttorfliw, iniintory 
rusiong, 38 

HfM*rla» fw fonmhiiion of rnimotio 
rt*fM!mhI«i,i‘«*f», 79, 91, 143 
Hww4.«j>oi«, «*xpi*riinonte on, 91 
Hwyrin«‘ru«», on wmtonts of 
aloimw'ha of binls, 114 

Tniifmn mm^uinm, 35 
Tmrmn brmiUaf 35; T. UW 

Thiftidm, 49, S3V. 0 
Tithwen pwudtmynm^ X. 10 
‘'Traiwjwm'tuy grcmp,'' in H. 
AnwTritm, 39 

Triinon, on minhory in African 
buttorOkw, 13 
Tupam fmrtiigmmt 121 

Variation, diflioulty of initial, 
W3 

VVfwb*, on rtdtttivw abunclariiMi of 
tli« thr«o tomm of F. p»ly$m in 
Oykm, 99 

WaUiM3«% on rrUinitsry in Oritmtoi 
b«tt*^riitm, 12; on tho oon* 
ditfoiM of tnimiory, 50; on the 
fonmhw of P, yndt^i 79; on 
inifciid vtmati«*t, 94 
Warning eolonw, 10, 11 
Wetenann, I, 2 
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